a2 United States Patent

Leontaris et al.

US009479772B2

10) Patent No.: US 9,479,772 B2
45) Date of Patent: *Oct. 25, 2016

(54) SYSTEMS AND METHODS FOR
MULTI-LAYERED FRAME-COMPATIBLE
VIDEO DELIVERY

(71) Applicant: Dolby Laboratories Licensing
Corporation, San Francisco, CA (US)

(72) Inventors: Athanasios Leontaris, Mountain View,
CA (US); Alexandros Tourapis,
Milpitas, CA (US); Peshala V.
Pahalawatta, Glendale, CA (US);
Kevin Stec, Los Angeles, CA (US);
Walter Husak, Simi Valley, CA (US)

(73) Assignee: Dolby Laboratories Licensing
Corporation, San Francisco, CA (US)

*) Notice: Subject to any disclaimer, the term of this
] y
patent is extended or adjusted under 35
U.S.C. 154(b) by 455 days.

This patent is subject to a terminal dis-
claimer.

(21) Appl. No.: 14/144,001
(22) Filed: Dec. 30, 2013

(65) Prior Publication Data
US 2014/0111614 Al Apr. 24, 2014

Related U.S. Application Data

(63) Continuation of application No. 13/811,363, filed as
application No. PCT/US2011/044757 on Jul. 20,
2011, now Pat. No. 8,619,852.

(60) Provisional application No. 61/366,512, filed on Jul.

21, 2010.
(51) Int.CL
HO4N 7/12 (2006.01)
HO4N 19/34 (2014.01)

(Continued)

(52) US.CL
CPC ... HO4N 19/00442 (2013.01); HO4N 13/0022
(2013.01); HO4N 13/0029 (2013.01);

(Continued)
(58) Field of Classification Search
CPC ..ccovvvrvvnennne HO4N 13/0022; HO4N 13/0029;

HO4N 13/0048; HO4N 13/00442; HO4N
19/10; HO4N 19/117,; HO4N 19/187; HO4AN
19/33; HO4N 19/34
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

4,985,767 A 1/1991 Haghiri
6,055,012 A 4/2000 Haskell

(Continued)

FOREIGN PATENT DOCUMENTS

Jp 04-002276 1/1992
Jp 08-102967 4/1996
(Continued)

OTHER PUBLICATIONS
Pandit, P. et al “H.264/AVC Extension for MVC Using SEI Mes-
sage” Joint Video Team of ISO/IEC MPEG & ITU-T VCEG(ISO/
IEC JTC1/SC29/WGI1l and ITU-T SG16 Q6), 24th Meeting:
Geneva, Switzerland, Jun. 29-Jul. 6, 2007, pp. 1-14.

(Continued)

Primary Examiner — Nhon Diep

(57) ABSTRACT

Multi-layered frame-compatible video delivery is described.
Multi-layered encoding and decoding methods, comprising
a base layer and at least one enhancement layer with
reference processing, are provided. In addition, multi-lay-
ered encoding and decoding methods with inter-layer depen-
dencies are described. Encoding and decoding methods that
are capable of frame-compatible 3D video delivery are also
described.

14 Claims, 20 Drawing Sheets

X Bitstroam ||
1
1l




US 9,479,772 B2

Page 2
(51) Int. CL FOREIGN PATENT DOCUMENTS
HOIN 13/00 (2006.01) Jp 2003-319416 11/2003
HO4N 19/597 (2014.01) P 2009-522935 6/2009
HO4N 19/61 (2014.01) P 2011-528889 11/2011
WO 99/45713 9/1999
HO4N 197117 (2014.01) WO 2007/047736 4/2007
HO4N 19/187 (2014.01) WO 2007/081752 7/2007
WO 2008/010932 1/2008
HO4N 19/44 (2014.01) WO 2009/052206 4/2009
HO4N 19/33 (2014.01) WO 2012/006299 1/2012
WO 2012/012444 1/2012
HO4N 19/10 (2014.01)
(52) US.ClL OTHER PUBLICATIONS
CPC ......... HO04N13/0048 (2013.01); HO4N 19/10
(2014.11); HO4N 19/117 (2014.11); HO4N Ohm, Jens-Rainer, “Advances in Scalable Video Coding” Proc. of
, . . . the IEEE, New York, USA, vol. 93, No. 1, Jan. 1, 2005, pp. 42-56.
19/187 (2014.11); HO4N 19(33 (2014.11); Bandoh, Y. et al. Tutorial Lecture Overview of AVC/H.264 Scalable
HO4N 19/34 (2014.11); HO4N 19/44 Extension SVC (Scalable Video Coding), the Institute of Image
(2014.11); HO4N 19/597 (2014.11); HO4N Information and Television Engineers (ITE) Technical Report, vol.
19/61 (2014.11) 34, No. 6, Feb. 15, 2010, pp. 141-145.
Hutchison, David, “Introducing DLP 3-D TV”.
(56) References Cited ITU-T Recommendatiion H.264 “Advanced Video Coding for

U.S. PATENT DOCUMENTS

6,111,596 A 8/2000 Haskell
6,999,513 B2 2/2006 Sohn
8,098,740 B2 1/2012 Suh
8,269,260 B2 9/2012 Tian
8,363,724 B2 1/2013 Su
8,373,744 B2 2/2013 Akka
8,487,982 B2 7/2013 Lipton
2003/0058931 Al* 3/2003 Zhang .............. HO4N 21/23432
375/240.01
2004/0179743 Al 9/2004 Shibata
2007/0104276 Al* 5/2007 Ha ....ccccoeveiinnne HO4N 19/597
375/240.16
2007/0109409 Al*  5/2007 Yea ..o HO4N 7/181
348/153
2010/0260268 Al  10/2010 Cowan
2012/0026288 Al 2/2012 Tourapis
2012/0092452 Al 4/2012 Tourapis
2014/0313291 Al* 10/2014 Fang ........... HO4N 21/23432
348/43

Generic Audiovisual Services”, Mar. 2010.

SMPTE 421 M, “VC-1 Compressed Video Bistream Format and
Decoding Process” Apr. 2006.

DVB Organization: “DVB-TM-3DTV, Phase 1 Dolby Labsl.0”
Digital Video Broadcasting , May 2010, p. 8-9.

Tourapis A. M. et al. “Format Extension to the Spatially Interleaved
Pictures SEI Message” JVT Meeting Jan. 31, 2009.

Tourapis, A.M. et al. “A Frame Compatible System for 3D Deliv-
ery” MPEG Meeting Jul. 2010.

Tourapis, A. et al. “System Specification and Software of a Frame
Compatible Full Resolution 3D Video Coding System” MPEG
Meeting Jul. 2010.

Husak, Walt “Stereoscopic Delivery of 3D Content to the Home”
2010 Spring Technical Forum, May 11, 2010, pp. 10-19.

Lei, Y. et al “An Improved Multiview Stereo Video FGS Scalable
Scheme” 3DTV Conference: The True Vision—Capture, Transmis-
sion and Display of 3D Video, IEEE, Piscataway, NJ, USA, May 4,
2009, pp. 1-4.

Tourapis, A. et al “3D-TV Content Storage and Transmission” IEEE
Transactions on Broadcasting, vol. 57, Issue 2, Jun. 2011, pp.
384-394.

* cited by examiner



US 9,479,772 B2

Sheet 1 of 20

Oct. 25, 2016

U.S. Patent

L "OIld

| dWelj Jusnysuod Jjo sueld | dWel} Jusnysuod Jo sueld
Jusuodwod 10j0d papaauoadn suodwoo 10jo2 Jo seidweg
(o] [e] [e][e][e][e] [e][e) O] |O] |O] |[O
(o] (o] [e][e][e][e] [e][e) O] |0] |O] [O SWel) PIPOISp
(o] [e][e][e][e][e][e][¢] BuIsS5001d Ol 10 10] |0 POABOS)UI PIROGISNOBYD
(o] [e][e][e][e][e][e][e],. :o_m._m>cooa3 <«—0O| |O] [O] [O] [« e Jo aue|d Jusuodwod
(o] [e][e][e][e][e][e][e) i o 0] |0] ]O 10|00 poAesBBIU|
(o] [e] [e] [e][e][e] [e][e) O] |0] |0] [O xlolxlolxlolxlo
(o] (o] [e] [e][e][e] [e][e) O] |O0] |O] |[O olxloIxloIxlolx
(o] (o] [e] [e][e] [e] [e][e) 0] |0] |0] [O TS xlolxlolxlolxlo
0 8wWeJj Jusnysuo9 Jo sueld 0 sweyy jusnsuoojoaueld | 1 fuaespsiul e O[X[O|X]O]|X]|O|X
Jusuodwod J0jod paleAuoadn Jusuodwod 10joo Jo ss|dwes pJeogIeNoayn X|O X0 [X]O0|X]|O
XXX XX XXX X X X X O1X10|X{0 X0 {X
X]O|X[O]|X]O[X]O
XX XXX XXX X1 X I X [X olxloxloxlolx
XX XXX XXX X1 X1 X X
XX XXX XXX Buisses0.d X1 X X [X
XX XXX XXX [ co_w.._m>cooQ3 <«—1X] [X] |X] [X] [€
XX XXX XXX X1 |IX] |X] [X
XX XXX XXX X [X] IX] [X
XXX XX XXX X IX] |X] [X




US 9,479,772 B2

Sheet 2 of 20

Oct. 25, 2016

U.S. Patent

| dWeJ) Jusnisuod jo sueid
juduodwod 10j09 pauvAuoddN

Buissaosoud

A

uoistaAauoddn

o] (o] 0] [¢] (e} (][] (e
o] [e]|e][e][e][e]|e][e
O|O]|O|O|O|O|0|O
o] (o] 0] [e] (0] (o] [e][e]
O|O|O|0|O|0]|0|0O
o] [e] o] [e][e][e]|e][e
o] [e]|e] ] [e][e]|e][e
OlO|O|O|O|O]|0|O

0 dwely Jusnsuod jo sued
jusuodwod 10|09 papeauoadn

Buisseooud
uoisiaAauoddn

XXX PXPX XXX
XXX P IX XX
XXX PXPX XXX
XXX PXPX XXX
XX XX PX XXX
XXX X PX XXX
XXX PP [X X
XXX P XXX

¢ OId

| Wel} Jusniisuod jo sueld
Jusuodwod 10j02 Jo sojdwes

O|0|0|0|0 0|00

o] [e] o] [e][e][e]|e][e

O|0|0|0|0|O|O|0

o] [e] ][] [e][e](e]]e]

A

0 @wely Juenjysuod jo sueld
jusuodwod 10]09 Jo so|dweg

XXX X P XXX

XXX P IX XX

XX XXX XXX

XXX PX XXX

awely papoosp
PBABS|ISIUI UWIN|OD
e Jo sueld 1usuodwod
10|02 paABSIBIU|

uonisodwoosp
Buiaes|iajul
uwnjo)

o] (o] [¢] [¢] (o] (¢} [e] (@]
XXX PXPXPXX
O|0|0|0|0]0|O|0
XX PXIXPX XXX
o] (o] (0] [e] (0] (0] [e] (@]
XX XX PXPX XX
o] (o] (o] [¢] (0] (0] [e] (@]
XXX PP PXX




US 9,479,772 B2

Sheet 3 of 20

Oct. 25, 2016

U.S. Patent

| dwel) jusnysuod jo sueld
jusuodwod 10|02 payeAuoadn)

Buissaooud
uolIsIsAu0ddn

€ Old

| dwely Jusnjsuod jo sueld
suodwod 10j09 jo sajdwes

O

O]

O

O]

0

0

@)

O

O

O

O

O

0

0

0

0

o] (o] (o] o] (] (0] (0] (0]

o] (0] [¢] |e] (@] [e][e]]®]

o] (0] [e]|e][e] e} [e][e]

o] (o] (o] [e] (o] (0] [e] 0]

o] (0] (0] [¢] (] (0] [0 [0]

Ol|o|0|0|I0|0|0]|0

o] (] [e]|e](e]|e][®]]®]

OIO|O|I0|0|C|O]|0

0 dwely Jusn)isuod jo sueld
usuodwod 10j0d papvAuoadn

Buissaooad
uolIsisAu0odn

A

0

0

0

O

0

0

0

@)

0]

O]

0]

O)

O]

0

O

O

0 dwely Jusnyisuod jo sueld
jusuodwod 10]09 Jo ssjdweg

awel) pepooop
paAeapalul MO

e Jo saue|d Jusuodwod
10|02 paABSIBU|

uonisodwoosop
Buiaespisyul
MOY

X

X

X

X

X

X

X

X

XXX XXX XX
XXX XXX XX
XXX XXX XX
XXX XXX XX
XXX XXX XX
KX XXX XXX
XXX XXX XX
XXX XXX XX

X|OIX|[O|X]|O|X]|O
X|OIX|[O|X]|O|X]|O
X|OIX|[O|X]|O|X]|O
X|O|X|[O|X]|O|X]|O
X|O|X|[O|X]|O|X]|O
X|OIX|CIX]|O|X]|O

X|OIX|[O|X]|O|X]|O
X|OIX|O|X]|O|X]|O




US 9,479,772 B2

Sheet 4 of 20

Oct. 25, 2016

U.S. Patent

v "OIld

| dWely Jusn)isuod Jo sueld | dWe.y Jusn)isuod Jo sueld
Jusuodwod 10]09 pausAuoddn jusuodwod 10]09 Jo so|dwes
olojojojojoo]o Ol [o] 0] Jo
(o] [¢] [¢] [e] [e] [e] [¢][e] Ol (o] 0] Jo awIRl) POPOOSP
(o] (0] [e][e] [e] (0] [e] (6] Buissaooid O] 0] [O] |O poyoed apis-Ag-apIs
(o] [e][e][e][e][e][e] (0] co_w.ho>cooQ3 <€«<— 0| |O| |O] |O]| J€ e Jo aue|d jusuodwoo
(o] (o] [e][e][e][e][e][e] i O Ol |O 0] 10|00 paAES|IBU|
o1[o][e][e][e][e][e][e) 0O 0O 0] O olololoIxIxIx]x
o1[o][e][e][(e][e][e][e) 0O 0] 0] O ololololxIxIx]x
(0] [e] [e] [e] [e] [e] [e] [e] Ol [of o] Jo
Juswisbueresl 0[010JOIXIX]X|X
0 Swelj Jusn)isuoo Jo sued 0 swely Jusnnsuoo jo sueld || Bupped O[O0 IXIX XX
jusuodwod 10|02 pauvAUoadN 1usuodwod 10|02 Jo sa|dweg opis-Ag-opIS OJO OO XX [X]X
XX XXX XXX X X X X 0101010 (X4 XIXIX
O0]0|0 IXIX|X]X
XXX XX XXX X X X X olololoxx < x
XX XXX XXX X X X X
XXX IX XXX X Buissanoid X1 IX] XL X
XXX IX XX X X € co_w.hw>cooQ3A XX X IX] X<
XXX XXX XX XX XX
XXX IX XXX X X1 IX] X)X
XXX XX XXX X X X X




US 9,479,772 B2

Sheet 5 of 20

Oct. 25, 2016

U.S. Patent

|l Swel) Jusnjsuod Jo sueld
usuodwod 1ojod pausAucadn

Buissaooud
uolisiaauoodn

G "ol

| swel Jusnyisuod Jo sug|d
wsuodwod 10|09 Jo sajdweg

0

0

0]

0

0

0]

0]

0]

O

0]

0]

0]

0]

0]

0)

0]

olle](e](e] (o] (0] (o] (e

o] [(e][e][e][e](e] (o] (e

O|0|0|O|O|O|O]|O

O|0|O|O|O|O|O|O

o] e} [e][e][e][e] (o] (e

O|0|O|O|O|O|O|O

O|0|O0|O|O|O|O|O

O|0|O|O|O|O|O]|O

0 dweJj Jusanjsuod jo sueld
Jusuodwod 10j09 payeAuoadn

Buissaooud
uolisiaauoodn

O

0

0]

0

0

0]

0)

0]

0

0

O]

0

0

0]

0]

0]

A

(0 Swel) 1udNINSuc? Jo sueld
1usuodwod 10jo2 jo sojdweg

swely papoasp
payoed wonog-doy

e Jo sueld jusuodwod
J10]0O poAEs|IBU|

Jjuswsbuelresl
Bunjoed
wonog-do |

X

X

X

X

X

X

X

X

XX XX XXX X

XX XXX XXX

XX XX XX PX X

XX XXX PXPX

XX XX XX P} K

XX PXPX X PXIPX X

XX PXPXIXPXIPX X

XIXPXPIX X PXPX X

X |X|X[X|0O|0|0]|O0
X[ X|X[X|O|0|0]|0
X |XIX[X|O|0|0]|0
XX IX[X|O|0|0]|0
X IXIXIX|O|0|0]|0
X IXIXIX|O|0|0]|0
X IXIXIX|O|0|0]|0
X IXIXIX|O|0|0]|0




US 9,479,772 B2

Sheet 6 of 20

Oct. 25, 2016

U.S. Patent

9 'OId

| awel) Jusnsuoo jo sue|d | |welj Jusnysuod Jo asueld
jusauodwod 10jod papdAuoddn jusuodwod 10]02 jo sojdwes
0] [e] [¢] [e][e] [e] [e][e] ol [Oof |O] |O
0[010|0]10|0]0|O O] [O] |O] IO Buiidwes xunouinb
(0] [e][e][e][e][e][e][6) BuIssanold O 0] O 0] YJIM SWel) papoosp e
(o] [e] [e][e][e][e][e][e],, co_m.‘_m>cooaj <«<—0O| |O] [O] [O] [€ Jo aueld jusuodwod 10j0d
o] [e] [o] (o] [e][e][e][e; i O] |[O] |O] |O payoed opis-Ag-opIS
olololo]o]o]o]o ol 1ol 1ol [o 101010 X X Ix T
oloJo]o]o]o]o]o o[ o] lo] |o olololo X xTx
o] [¢] [¢] [¢] [¢] (] (¢} (O] ol 10] [0] 1O woawsabueneas | folofo]o|x]|x]|x]x
0 SWel} Juen))suoo Jo aueld 0 ewely Jusnnsuoo Jo suerd || Bunioed < 0101010 [X[X[X]X
Jusuodwod 10|02 pausAuoadn Jusuodwod 10j02 Jo so|dwes xc:\wc_:c OJ|O|OJOX[X]X]X
SpIs-AQ-9pIS
XXX X [X]IX]X]|X X X X X Q101010 IXIXIX1X
O[O [O[OIX[X]|X]|X
XXX X [X]IX]X]|X X X X X olololo i xxTx
XXX XX XXX X X X X
XXX XX XXX 6UISS800.d X X X X
X XXX X XXX T o omuondn [T X IX] |«
XX XX [X]IX]X]|X i X X X X
XXX X IX XXX X X X X
XXX X XXX ]X X X X X




U.S. Patent Oct. 25, 2016 Sheet 7 of 20 US 9,479,772 B2

Source
vV VolV1
N L5 BL3Dp | Interleaved
Pre-
——MmylProcessorl] Interleaver +_ T I !l Q I ViC
Vi ] BL
1) Bitstream
Q
+1
-
»(F
.| Disparity
Compensation
- 1 - Reference
.| Disparity . Loop
> - . Picture .
Estimation Filter
Buffer
V1[Vo
Ly Pre- B> EL3D Interleaved
»|Processor}»] Interleaver [[" ¢ T I__>| Q viLe
q! EL
vy DBitstream
} T-1
BL to EL N
Predictor Predictor
X Metadata
»(+
R|L
Disparity Interleaved
— .
Compensation .
Disparity Rgference Loop
> . . icture .
Estimation Filter
Buffer

FIG. 7



U.S. Patent Oct. 25, 2016 Sheet 8 of 20 US 9,479,772 B2

BL N -1
Bitstream > VLD » QP 1
Vo,BL,out Post Vo,BL Transform™"
Processor v
Disparity
V1 BL,out Post | V1BL Compensation
Processor
Vo,BL De- VFC,BL Rgfie:e::e Loop
interleaver BL Output BE fll‘:ler Filter
\ 4
Muxer
Vo,EL
VOFR | EL ol vip ] P
. Bitstream
0,FR,out Post \ 4
Processor Predictor |, |BLtoEL x
Metadata Predictor| |Transform
ViFRout| Post
— A
Processor Disparity
ViER Compensation
\
Muxer ‘ﬁl\_ \ 4
\V) Reference
V1EL De- res Picture Loop
interleaver EL Output Buffer Filter

FIG. 8



U.S. Patent Oct. 25, 2016 Sheet 9 of 20 US 9,479,772 B2

Input BL
Video Pre- - X .
Processor ’g'?__’l T Q » VLC }—>
4 BL
1) Bitstream
Q
Y
T-1
>
Disparity
“|Compensation
; L : Reference
Disparity . Loop
> . . Picture :
Estimation Filter
Buffer
Predictor
BL to EL Metadata o
Predictor ”
Input EL
Video Pre- % N .
Processor ava T » Q2 e~
q’ EL
v Bitstream
T-1
>
N Disparity_
Compensation
Disparity th:a)ference Loop
> - . icture .
Estimation Filter
Buffer

FIG. 9



U.S. Patent Oct. 25, 2016 Sheet 10 of 20 US 9,479,772 B2

Vo,BL,out Post Vo,BL
< <
__/ | Processor

1004
V1 BL,out V1BL
> Proi(t)asstsor
1006
1002
VoBL| De- VFc,BL
interleaver]” BL Qutput
V
Muxer &
VO,FRl

\4/0, FR,out Post
1008 __/ | Processor

V1,FR,out Post
Processor

V1,FRT
V1BL

Muxer j¢———P—

Vi ,ELI Do. VFCEL
interleaver] g1 Output

FIG. 10




U.S. Patent Oct. 25, 2016 Sheet 11 of 20 US 9,479,772 B2

1102
l'__l _____ I__—_—_—_———_————_—T—_—“
: | —Q—{ T |9 » VLC |
I - I
| | A 4 B I
I -1 ) Bitstream
| I Q 1
1104~ | v I
' N T I
| I I
: : S
|| Input BLY 106 | Disparity 1110 I
I|Video Vg N | Compensation I
| —— S I
I ampier | ; 1 - Reference I
| Disparity . Loop I
| 4108 ¥ | Estimation moure [ Fiter 1
I ] Muxer } 1
| Mnput BL QP e g J|
I Video V 1 Predictor |
| L e 1106 Metadata |
| ———»| Sampler
e e e e e e e e e e — e\ —_——
gl
|{ Input EL I
I|Video Vg I
| » Sampler |
| T v __ Bitstream |
I T'1 I
| Muxer % I
: I\ 1168 \ dk : + RPU I
| Disparity Demux and Bitstream I
j| 'nPut EL Compensation] |BL to EL RPU _ 1174 > |
il video v4 — |
| » Sampler 5 " 1166 v Demuxer and :
ISparity Upsampler
: Estimation %% D E I
| L rcue o {eoopld e
: Sampler j&———1 D% Buffer Bg e |
I Muxer \ v 1162 |
' 1172 Reference |
| 1 Picture ||;9Itop o I
: Sampler Buffer B4 e I
Lo — 0 S~
1152 J

FiIG. 11



U.S. Patent Oct. 25, 2016 Sheet 12 of 20 US 9,479,772 B2

BL - P
Bitstream » VLD > QP
A
Transform "
A 4
Disparity o
Compensation
BL Output Rl‘ffi‘zzﬁ:‘:‘* Deblocking
VFC BL Filter
: Buffer
I_ ——————————————————————————————— 1
EL iy iy -1 N I
: Bitstream VLD QP v |
11!
I ] Transform ! |
I
|
I Disparity 1 @ |
I Compensation " |
| \ 4
I RPU 1 Demux and :
| | Bitstream "l BLtoELRPU I
: »  Muxer e 1254 Demux and |l
Upsampler ||
I
| 1 |
: Sampler |
| A 4 :
| Reference I
: EI_VOutput | Picture || Delb:Iitl)t(;I:lng |
| Q.out Buffer By l
I Sampler :
: |
Reference . |
| [F oot Picure _f¢—| Deblocking |
| Lout Buffer B4 l
|
L T T e m 3
1252

FIG. 12



U.S. Patent Oct. 25, 2016 Sheet 13 of 20 US 9,479,772 B2

—o——{ T > VLC
\ BL
1| Bitstream
Q
v
T-1
»(E
Input BL N Disparity
Video Vg Compensation
Sampler ) Reference
¢ .| Disparity Picture Loop
"] Estimation Filter
Muxer
Input BL
Video V| —L — T e vic
—»| Sampler x|
Q
Input EL M TY1 EL
Video Vo Bitstream
» Sampler 7354x 1362
T » Sampler —»{Muxer
- 1360
Muxer \-1356
Sampler b———
¥ 1358\ v RPU
Disparity Demux and Bitstream
Input EL Compensation 0[€ | BL to EL RPU >
Video V1 A
» Sampler o m v Demuxer and
ISparity Upsampler
Estimation O o D D
Reference
L Picture l';‘_??p "
1358~ L4 Buffer Bg Lo
Disparity | ="
Compensation 1
- T - — Reference
.| Disparity Picture Loop‘_
| Estimation 1 Filt
stimation Buffer B ilter
N—

FIG. 13



U.S. Patent

BL

Oct. 25, 2016

Sheet 14 of 20

Bitstream

BL Output

US 9,479,772 B2

Disparity
Compensation

A 4

-1
Transform

Reference

VFC,BL

EL

Picture
Buffer

Deblocking

Filter

Bitstream

RPU
Bitstream

Y

\ 4
9]
T

|—]

L 4
Transform "

—>

Sampler Hp————

>

Sampler |-

Disparity
Compensation 0

Disparity
Compensation 1

L

EL Qutput
VO,out

EL Output

V1 out

FIG. 14

) Demux and
| BL to EL RPU
Demux and
Upsampler
) 4
Reference .
Picture Deblocking "
Filter
Buffer Bg
Reference
. Deblocking
Pict
cture Fiter [€
Buffer B4




U.S. Patent Oct. 25, 2016 Sheet 15 of 20 US 9,479,772 B2
o2 FIG. 15

r——
I
| [Input BL ,(?, _,I T |_,| Q |_ VLC |
| |Video Vg A— |
| ™—={ Sampler \ 4 ) BL [

I 1| Bitstream
| v < |
| v I
Muxer T I
: Input BL |
| Video V4 T > :
I > Sampler Disparity |

> .
| Compensation |
I A I
| | Disparity Reference| | 5op |
' Estimation Picture  [“TFijer |
I Buffer [
e — —
Meputec)y = | —  — !
| >@ »[ T vichs!
| [Video Vg p & LT HpLe |
EL
[ ] .. I
| Q B/tstreamI
v
I 1538 v - Vo |
I BL to EL ‘I
I 0 RPU v rRPU |
I 1536 ~ 1 ¥) Bitstream :
: [ Disparity 1534~ 7968~ [BL to EL o |
| "l Compensation 1 RPU RPU " |
| 2 Rof Bitstream |
I | Disparity ererence Loop 1T
' Estimation Picture Filter |
1539 Buffer B
I___C ________________ .'—_'/___________I
gy o oo oo - - ¢
I
[|nput EL o
| |Video V4 ) & T rle M Ve
I 1572 \ Q-1 EL |
| T Bitstreaml|
| EL O to EL ol
| 1RPU Y RPU
1566 ) l
I BN py > Bitstream |
| Disparity N 1564 2
» - ‘

| Compensation I
| - Ref '
| | Disparity eterencel [Loop |
| Estimation Picture Filter |
I Buffer B |




U.S. Patent Oct. 25, 2016 Sheet 16 of 20 US 9,479,772 B2

BL Bitstream VLD » QP
A 4
Transform’"
A 4
Disparity - %
Compensation S
BL Output I L thif_e:ence Loop
VFGC,BL icture Filtor
Buffer
\—/
ELO 1 1 | N =
Bitstream » VLD » QP
A 4 y
o p»{BLOEL Transform™
Bitstream ”l 0 RPU v
Disparity 0
Y Compensation
RPU 1 BL to EL
Bitstream [] 1 RPU
EL 0 Output | 1 Rlifi?:ﬁrn;e Loop
V -
0.out Buffer Filter
RPU 2 1. | ELOto P
Bitstream EL 1 RPU
EL1 1 1 N =
Bitstream » VLD » QP
Transform |
A 4
Disparity ».
Compensation »
EL 1 Output 1 thif_e:ence Loop
V1 out icture Filtor
Buffer

FIG. 16



U.S. Patent Oct. 25, 2016 Sheet 17 of 20 US 9,479,772 B2

Reference Loop
Sampler Picture Filter

—

1762

‘_
\ 4 Buffer By
—
— Muxer
Sampler Picture  fe—
Buffer B4

Loop
Filter

N
| Input BL II
| Video Vo —>H)—> T » Q ¢ PVLC >
I - I
I Sampler Q_1 Bit‘s?rLeamI
. 1 Haideon
I Input BL Muxer T [
I |video v4 |
I J »(+ [
I I
I Sampler N Disparity e [
[ Compensation 1704 |
I I
| T |
I . . Reference |
| —> Dl_sparl_ty Picture Lpop I
Estimation Filter
| Buffer |
1780y '
"______________77g8______v __________ I
I 1756 . Demuxand |
: Input EL }\ BL to EL RPU IR
Video V| — i |
I 2 (D> Sampler Bitstream I
| b |
| 1756

| e Muxer p@— T » Q vicl— |
I Input EL ) Gl [
Video V1 I g— ol B

I +y+4-» Sampler Q_| .
p 1754 Bitstream :
T-1 I
X |
> I
.| Disparity I
“|Compensation |
0 I
- - A 4 |
A ,| Disparity Demuxer | |
1 »| Estimation and I
I
I
I
I
I
I
I
I
I
I

|
I
|
I
|
|
I
|
I
|
I
| T_,\_O Upsampler
|
I
|
I
|
I
|
I
—_



U.S. Patent Oct. 25, 2016 Sheet 18 of 20 US 9,479,772 B2

1802 \-
|_ - - - " F " F ¥ " ¥ ¥ "= =—= 1
| BL _ g I
| | Bitstream VLD » QP |
| A 4 |
I Transform " :
| Y :
: Disparity oF [
| Compensation = I
| |
| 1804 :
| [BL Output Reference Deblocking |
| Picture ;
| | VFcBL Buffer Filter :
s e 1
e 1
EL . N 111 |
: Bitstream VLD > QP ¢ I
11!
| Transform ! |
| A 4 |
I Disparity 1 . |
I Compensation il v |
I
| RPU I\ o Demux and :
| | Bitstream "| BLtoELRPU |
| »  Muxer
| N< 1854 Demux and |!
I Upsampler |l
| \ :
| N 1856 |
| Sampler I
: 1862\ |
Reference . |
| |EL Output h )¢ Picture De?:l_(l)cklng |
: VO,out \ Buffer Bg ilter |
|
| Sampler 1858 1860 |
: 1862 |
1858 | Reference . |
| |EL Output lé: 4 Picture Deblocking |
: V1 ,OUt Buffer B1 F|Iter I
L o T 0 _ __ __ ___ ;
- 1852



U.S. Patent

Oct. 25, 2016

Sheet 19 of 20

US 9,479,772 B2

Buffer

1902 FIG. 19
r-- - ——-_-—-—-—-——-——--———— - T —_——__ s =" - - |
I| Input BL 4’??_’ T » Q
I| Video Vg -
: —»{ Sampler
| !
: Muxer
| Input BL ¥
LYideo Vi Disparity 1904
I » Sampler Compensation
! T Reference
I Disparity . Loop
I > . . Picture .
' Estimation Buffer Filter
. _ _  _______ N _ _
= NN = '/
N g QT » Q »VLC =
| |Video Vg AN, & v El
I a’ ' | Bitstream
| Vi
| 1936 1938 i ’
| 2 il
N [BL to EL 0 RPU >
| J RPU
| Bitstream 0
| N Dlsparlty.
| Compensation
| T
|| Disparity Reference Loop
: Estimation FE’;C#re Filter
1932 uffer
L _- _ _ _ __________>~—" | “‘—J ____
- - - --——-—"""""""""""”"""=- \ 2 _RP_U_ i
1966
: 1968 —" BLto EL 1RPU Bitstream 1
Input EL -
' 4l— o T > vLehb—
| |Video V4 T’Q—_’ I EL
I 1964 a1 | Bitstream
I 2
I
I
I ey
: Disparity
| Compensation
| T
I N Disparity Ref_erence Loop
| Estimation Picture Filter
I




U.S. Patent

Oct. 25,2016 Sheet 20 of 20 US 9,479,772 B2

r—— ————————————————————————————7
| BL N R ]
| | Bitstream » VLD »_QP :
I A
| Transform | :
| Y
I Disparity |
I Compensation :
I
I 2004 I
| [BL Output Reference Loop :
| vV Picture Filter
| FCBL Buffer :
] = ___ )
n-van Ol o = |
: Bitstream T T » VLD » QP :

A 4 A 4 I
I RPU 0 BLto ELO Transform
I'| Bitstream RPU L :
| _ Disparity
: 2034 Compensation :
| 2040 I
, 2036/ o |
| eference Loop |
| [EL Output Picture Filter |

Buffer
Il Voout s 2042 2038 |
| < \Z)« 2032 |
e - - - o ______ L5207
- - - - - -—"1""""""">">”">”"»"”>">‘>>">¥">”"/"¥¥”"¥"7”"”7”/~-~"~"~—-" 7”—7 |
Il EL1 % % -1 I
| | Bitstream VLD » QP I
[ h 4 A 1 |
I| RPU1 | BLtoEL1 Transform ||
| | Bitstream d RPU A I
I " Disparity I
| 2064 _/ Compensation [
I |
| 2066 2070 [
i —. e |
| LV tout 2072 2068—" Filter |
I I
e e e e e e e e e e 4
l2062

FiIG. 20




US 9,479,772 B2

1
SYSTEMS AND METHODS FOR
MULTI-LAYERED FRAME-COMPATIBLE
VIDEO DELIVERY

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of, and claims
benefit of priority to, U.S. patent application Ser. No.
13/811,363 filed Jan. 21, 2013, which claims priority to
International Application PCT/US2011/044757 filed Jul. 20,
2011, which claims priority to U.S. Provisional Patent
Application No. 61/366,512 filed Jul. 21, 2010, all hereby
incorporated by reference.

TECHNOLOGY

The present disclosure relates to image processing and
video compression. More particularly, an embodiment of the
present invention relates to encoding and decoding systems
and methods for multi-layered frame-compatible video
delivery.

BACKGROUND

Recently, there has been considerable interest and traction
in the industry towards stereoscopic (3D) video delivery.
High grossing movies have brought 3D stereoscopic video
into the mainstream, while major sports events are also
being produced and broadcast in 3D. Animated movies, in
particular, are increasingly being generated and rendered in
stereoscopic format.

While though there is already a sufficiently large installed
base of 3D-capable cinema screens, the same is not true for
consumer 3D applications. Efforts in this space are still in
their infancy, but several industry parties are investing
considerable effort into the development and marketing of
consumer 3D-capable displays [Reference 1].

Stereoscopic display technology and stereoscopic content
creation are issues that have to be properly addressed to
ensure sufficiently high quality of experience. The delivery
of'3D content is equally critical. Content delivery comprises
several components, including compression. Stereoscopic
delivery is challenging because a stereoscopic delivery
system handles twice as much information as a 2D delivery
system does. Furthermore, the computational and memory
throughput requirements increase considerably as well.

In general, there are two main distribution channels
through which stereoscopic content can be delivered to the
consumer: fixed media, such as Blu-Ray discs, and stream-
ing solutions where the content is delivered primarily to a
set-top box and secondarily to a PC.

The majority of the currently deployed Blu-Ray players
and set-top boxes support only codecs such as those based
on the profiles of Annex A of the ITU-T/ISO/IEC H.264/
14496-10 [Reference 2] state-of-the-art video coding stan-
dard (also known as MPEG-4 Part 10 AVC) and the SMPTE
VC-1 standard [Reference 3].

Each of these codec solutions enables a service provider
to deliver a single HD image sequence at 1920x1080-pixel
resolution. However, to deliver stercoscopic content
involves transmitting information for two sequences, a left
and a right one. A straightforward approach is to encode two
separate bitstreams, one for each view, an approach also
known as simulcast.

First, simulcast or similar approaches have low compres-
sion efficiency. They also use high bandwidth to maintain an
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acceptable level of quality. This is because the left and right
view sequences are coded independently even though they
are correlated.

Second, the two separate bitstreams are de-multiplexed
and decoded in parallel in two properly synchronized decod-
ers. To implement such decoders, one may use two existing
off-the-shelf decoders. In addition, parallel decoding fits
Graphics Processing Unit architectures.

Codecs that support multiple layers may provide high
compression efficiency for stereoscopic video while at the
same time maintaining backwards compatibility.

Multi-layer or scalable bitstreams are composed of mul-
tiple layers that are characterized by pre-defined dependency
relationships. One or more of those layers are so-called base
layers that are decoded before any other layer and are
independently decodable.

Other layers are usually known as enhancement layers
since their function is to improve the content obtained by
parsing and decoding the base layer or layers. These
enhancement layers are also dependent layers in that they
depend on the base layers. The enhancement layers use some
kind of inter-layer prediction, and often one or more of the
enhancement layers may also be dependent on the decoding
of other higher priority enhancement layers. Thus, decoding
may also be terminated at one of the intermediate layers.

Multi-layer or scalable bitstreams enable scalability in
terms of quality/signal-to-noise ratio (SNR), spatial resolu-
tion, and/or temporal resolution, and/or even availability of
additional views. For example, using codecs based on Annex
A profiles of H.264/MPEG-4 Part 10, VC-1, or VP8, one
may produce bitstreams that are temporally scalable.

A first base layer, if decoded, may provide a version of the
image sequence at 15 frames per second (fps), while a
second enhancement layer, if decoded, can provide, in
conjunction with the already decoded base layer, the same
image sequence at 30 fps.

SNR and spatial scalability are also possible. For
example, when adopting Scalable Video Coding (SVC)
extension of the H.264/MPEG-4 Part 10 AVC video coding
standard (Annex G), the base layer (coded under Annex A)
generates a coarse quality version of the image sequence.
The enhancement layer or layers may provide additional
increments in terms of visual quality. Similarly, the base
layer may provide a low resolution version of the image
sequence. The resolution may be improved by decoding
additional enhancement layers, spatial or/and temporal.
Scalable or multi-layered bitstreams are also useful for
providing multi-view scalability.

The Stereo High Profile of the Multi View Coding (MVC)
extension (Annex H) of H.264/AVC was recently finalized
and has been adopted as the video codec for the next
generation of Blu-Ray discs (Blu-Ray 3D) that feature
stereoscopic content. This coding approach attempts to
address, to some extent, the high bit rate requirements of a
stereoscopic video stream.

The Stereo High Profile utilizes a base layer that is
compliant with the High Profile of Annex A of H.264/AVC
and which compresses one of the views (usually the left) that
is termed the base view. An enhancement layer then com-
presses the other view, which is termed the dependent view.
While the base layer is on its own a valid H.264/AVC
bitstream, and is independently decodable from the enhance-
ment layer, the same may not be, and usually it is not, true
for the enhancement layer. This is because the enhancement
layer can utilize as motion-compensated prediction refer-
ences decoded pictures from the base layer. As a result, the
dependent view (enhancement layer) may benefit from inter-
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view prediction and compression may improve considerably
for scenes with high inter-view correlation (i.e. low stereo
disparity). Hence, the MVC extension approach attempts to
tackle the problem of increased bandwidth by exploiting
stereoscopic disparity.

However, such an approach might not provide compat-
ibility with the existing deployed set-top box and Blu-Ray
player infrastructure. Even though an existing H.264
decoder may be able to decode and display the base view, it
will simply discard and ignore the dependent (right) view.
As a result, existing decoders do not provide the capability
to decode and display 3D content encoded using MVC.
Hence, while MVC retains 2D compatibility, MVC does not
deliver 3D content in legacy devices. The lack of backwards
compatibility is an additional barrier towards rapid adoption
of consumer 3D stereoscopic video.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings, which are incorporated into
and constitute a part of this specification, illustrate one or
more embodiments of the present disclosure and, together
with the description of example embodiments, serve to
explain the principles and implementations of the disclosure.

FIG. 1 depicts a checkerboard interleaved arrangement
for the delivery of stereoscopic material.

FIG. 2 depicts a horizontal sampling/column interleaved
arrangement for the delivery of stereoscopic material

FIG. 3 depicts a vertical sampling/row interleaved
arrangement for the delivery of stereoscopic material.

FIG. 4 depicts a horizontal sampling/side by side arrange-
ment for the delivery of stereoscopic material.

FIG. 5 depicts a vertical sampling/over-under arrange-
ment for the delivery of stereoscopic material.

FIG. 6 depicts a quincunx sampling/side by side arrange-
ment for the delivery of stereoscopic material.

FIG. 7 depicts a frame-compatible full-resolution 3D
stereoscopic scalable video encoding system with reference
processing for inter-layer prediction.

FIG. 8 depicts a frame-compatible full-resolution 3D
stereoscopic scalable video decoding system with reference
processing for inter-layer prediction.

FIG. 9 depicts a scalable video coding system with a
reference processing unit for inter-layer prediction.

FIG. 10 depicts a reconstruction module for a frame-
compatible full-resolution two-layer delivery system.

FIG. 11 depicts a multi-layer resolution-scalable 3D ste-
reo video encoder, where the enhancement layer maintains
two reference picture buffers, each one at enhancement
resolution and performs motion/disparity compensation in
some reduced resolution (frame-compatible), in accordance
with an embodiment of the present disclosure.

FIG. 12 depicts a multi-layer resolution-scalable 3D ste-
reo video decoder, where the enhancement layer maintains
two reference picture buffers, each one at enhancement
resolution and performs motion/disparity compensation in
some reduced resolution (frame-compatible), in accordance
with an embodiment of the present disclosure.

FIG. 13 depicts a multi-layer resolution-scalable 3D ste-
reo video encoder, where the enhancement layer maintains
two reference picture buffers, each one at enhancement
resolution and performs motion/disparity compensation at
enhancement resolution, in accordance with an embodiment
of the present disclosure.

FIG. 14 depicts a multi-layer resolution-scalable 3D ste-
reo video decoder, where the enhancement layer maintains
two reference picture buffers, each one at enhancement
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resolution and performs motion/disparity compensation at
enhancement resolution, in accordance with an embodiment
of the present disclosure.

FIG. 15 depicts a multi-layer resolution-scalable video
encoder, where the base layer codes a frame-compatible
version of the data and the two enhancement layers code
each one of the enhancement resolution data categories
(each view for 3D stereoscopic video delivery), in accor-
dance with an embodiment of the present disclosure.

FIG. 16 depicts a multi-layer resolution-scalable video
decoder, where the base layer codes a frame-compatible
version of the data and the two enhancement layers code
each one of the enhancement resolution data categories
(each view for 3D stereoscopic video delivery), in accor-
dance with an embodiment of the present disclosure.

FIG. 17 depicts a multi-layer resolution-scalable 3D ste-
reo video encoder, where the enhancement layer encodes
residuals and maintains two reference picture buffers, each
one at enhancement resolution and performs motion/dispar-
ity compensation in some reduced resolution (frame-com-
patible), in accordance with an embodiment of the present
disclosure.

FIG. 18 depicts a multi-layer resolution-scalable 3D ste-
reo video decoder, where the enhancement layer encodes
residuals and maintains two reference picture buffers, each
one at enhancement resolution and performs motion/dispar-
ity compensation in some reduced resolution (frame-com-
patible), in accordance with an embodiment of the present
disclosure.

FIG. 19 depicts a multi-layer resolution-scalable video
encoder where the base layer codes a frame-compatible
version of the data and the two enhancement layers code
residuals for each one of the enhancement resolution data
categories (each view for 3D stereoscopic video delivery), in
accordance with an embodiment of the present disclosure.

FIG. 20 depicts a multi-layer resolution-scalable video
decoder where the base layer codes a frame-compatible
version of the data and the two enhancement layers code
residuals for each one of the enhancement resolution data
categories (each view for 3D stereoscopic video delivery), in
accordance with an embodiment of the present disclosure.

DESCRIPTION OF EXAMPLE EMBODIMENTS

According to a first aspect of the present disclosure, an
encoding method for multi-layered frame-compatible video
delivery is provided, said encoding method comprising: a)
base layer processing images or video frames of multiple
data categories through a base layer, comprising: i) provid-
ing a base layer frame-compatible representation of the
images or video frames of the multiple data categories; and
b) enhancement layer processing the images or video frames
of multiple data categories through one or more enhance-
ment layers, comprising: i) providing a enhancement layer
frame-compatible representation of the images or video
frames of the multiple data categories; ii) maintaining at
least one enhancement layer reference picture buffer; iii)
reference processing at least one dependency on the base
layer or a different enhancement layer; and iv) performing
motion or disparity compensation, wherein each of said one
or more enhancement layer processes all the multiple data
categories.

According to a second aspect of the present disclosure, an
encoding method for multi-layered frame-compatible video
delivery is provided, said encoding method comprising: a)
base layer processing images or video frames of multiple
data categories through a base layer, comprising: i) provid-
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ing a base layer frame-compatible representation of the
images or video frames of the multiple data categories; an b)
enhancement layer processing the images or video frames of
multiple data categories through one or more enhancement
layers, wherein each of the multiple data categories is
processed separately in a separate enhancement layer, each
of the one or more enhancement layers comprising: i)
providing an enhancement layer representation of images or
videos for one of the multiple data categories; ii) maintain-
ing a enhancement layer reference picture buffer in each
enhancement layer; iii) reference processing at least one
dependency on the base layer or a different enhancement
layer; and iv) performing motion or disparity compensation.

According to a third aspect of the present disclosure, a
decoding method for multi-layered frame-compatible video
delivery is provided, said decoding method comprising: a)
base layer processing a plurality of base layer bitstream
signals through a base layer, comprising: i) providing at least
one frame-compatible base layer decode image or video
frame; and b) enhancement layer processing a plurality of
enhancement bitstream signals through one or more
enhancement layers, comprising: i) providing at least one
enhancement layer-decoded image or video frame for mul-
tiple data categories; ii) maintaining at least one enhance-
ment layer reference picture buffer; iii) reference processing
at least one dependency on the base layer or a different
enhancement layer; and iv) performing disparity compen-
sation, wherein all the multiple data categories are decoded
and processed in the same enhancement layer.

According to a fourth aspect of the present disclosure, a
decoding method for multi-layered frame-compatible video
delivery is provided, said decoding method comprising: a)
base layer processing a plurality of base layer bitstream
signals through a base layer through a base layer, compris-
ing: 1) providing at least one frame-compatible base layer
decode image or video frame; and b) enhancement layer
processing a plurality of enhancement bitstream signals
through one or more enhancement layers for multiple data
categories through one or more enhancement layers,
wherein each of the multiple data categories is processed
separately in a separate enhancement layer, each of the one
or more enhancement layers comprising: 1) providing at least
one enhancement layer-decoded image or video frame for
one of the multiple data categories; ii) maintaining at least
one enhancement layer reference picture buffer; iii) refer-
ence processing at least one dependency on the base layer or
a different enhancement layer; and iv) performing disparity
compensation, wherein all the multiple data categories are
decoded and processed in the same enhancement layer.

In light of the existing codecs’ lack of backwards com-
patibility, exploiting the installed base of set-top boxes,
Blu-Ray players, and high definition TV sets may speed up
the consumer 3D deployment. Most display manufacturers
are offering high definition TV sets that support 3D stereo-
scopic display. These TV sets include models of all majors
display technologies: LCD, plasma, and DLP [Reference 1].
The key is to provide the display with content that contains
both views but still fits within the confines of a single frame,
while still utilizing existing and deployed codecs such as
VC-1 and H.264/AVC. Such an approach is the so-called
frame-compatible approach, which formats the stereo con-
tent so that it fits within a single picture or frame. The size
of the frame-compatible representation needs not be the
same with that of the original view frames.

Similarly to the MVC extension of H.264, Dolby’s ste-
reoscopic 3D consumer delivery system [Reference 4] fea-
tures a base and an enhancement layer. In contrast to the
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6

MVC approach, the views may be multiplexed into both
layers in order to provide consumers with a base layer that
is frame compatible by carrying sub-sampled versions of
both views and an enhancement layer that when combined
with the base layer results to full resolution reconstruction of
both views.

A backward-compatible 3D video delivery system may
deliver 3D video to homes or other venues through existing
or legacy 2D video hardware and systems. Frame compat-
ible 3D video systems provide such a backwards compatible
delivery architecture. In that case, a layered approach can be
used in which the base layer provides a low resolution
version of the left and right eye arranged in a “frame-
compatible” format. Frame-compatible formats include
side-by-side, over-under, and quincunx/checkerboard inter-
leaved. FIGS. 1-6 show some indicative examples. Further-
more, an additional pre-processing stage may be present that
predicts the enhancement layer frame given the base layer
decoded frame prior to using it as a motion-compensated
reference for prediction of the enhancement layer. FIGS. 7
and 8 show an encoder and a decoder for the system
disclosed in [Reference 4], respectively.

Even a non-frame-compatible coding arrangement such
as that of MVC can also be enhanced with a pre-processor
(for example, a reference processing unit (RPU)/predictor)
that improves the reference taken from the base view before
using it as a reference for prediction of the dependent view.
This architecture is also disclosed in [Reference 4] and is
illustrated in FIG. 9.

The frame-compatible techniques of [Reference 4] ensure
a frame-compatible base layer. Through the use of the
pre-processor/RPU element, these techniques reduce the
overhead in realizing full-resolution reconstruction of the
stereoscopic views. FIG. 10 shows the process of full-
resolution reconstruction.

Based on the availability of the enhancement layer, there
are several methods to obtain the final reconstructed views.
Some of the methods can consider encoding of actual pixel
data in the enhancement layer, or may consider coding
residual data or in general different from the base layer (e.g.
high frequencies vs. low frequencies) data that, if combined
in a certain form, can enable a higher quality/resolution
representation of the reconstructed signal. Any resolution
could be used for these methods, e.g. some of these methods
can be at half resolution, while some of them can be at full
resolution or even lower, higher, or somewhere in between.
Embodiments of the present disclosure may be directed at
any resolution. They can be interpolated from the frame
compatible output of the base layer (V. 5,(1002) of FIG.
10) and optionally post-processed to yield V,, 57 ., (1004)
and V| z; ... (1006). Alternatively, they can be multiplexed
with the proper samples of the enhancement layer to yield a
higher representation reconstruction Vg oz, (1008) and
V| prow (1010) of each view. The resulting reconstructed
views in both cases may have the same resolution. However,
in the second case one encodes information for all samples,
while, in the first case, half of the information of the
reconstructed views is obtained by interpolation with intel-
ligent algorithms, as disclosed in [Reference 4]. From FIG.
10 one may observe that, following the decoding of the base
and enhancement layers, additional and potentially memory-
intensive and bandwidth-intensive operations are used in
order to derive the final full-resolution reconstructed views.

The present disclosure provides techniques that enable
frame compatible 3D video systems to achieve full resolu-
tion 3D delivery. The present disclosure also provides meth-
ods to improve the internal prediction accuracy in the
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enhancement layers by performing motion and stereo dis-
parity compensation in some higher representation/resolu-
tion sample domains. Such domains may have higher spatial
or frequency resolution than the samples in the frame-
compatible representation. In some embodiments, these
domains may have resolution equal to the full-resolution,
that is, the original resolution of the frames for each category
before those frames are filtered, sampled, and multiplexed
into the frame-compatible representation. Additional meth-
ods for processing of data that are compressed by these
arrangements can be found in [Reference 5]. Throughout the
specification, the term “data category,” or “category,” refers
to a group of data. Different data categories may refer to
different groups of data that may or may not have inter-
group relation. For embodiments of the present disclosure
related to 3D or stereoscopic image or video delivery, the
term “data category,” or “category,” refers to a single view
for 3D images or videos.

FIG. 11 shows a multi-layer resolution-scalable 3D stereo
video encoder where the enhancement layer maintains two
reference picture buffers, each one at enhancement resolu-
tion and performs motion/disparity compensation in some
reduced resolution (e.g. half horizontal or vertical resolu-
tion), in accordance with an embodiment of the present
disclosure. FIG. 12 shows a decoder corresponding to the
encoder shown in FIG. 11, in accordance with the embodi-
ment of the present disclosure. According to this embodi-
ment, a multiple-layer codec is provided for compression of
a video sequence that consists of frames belonging to
multiple data categories for a given time instance.

According to this embodiment of the present disclosure,
the base layer (1102) of FIG. 11 provides a frame-compat-
ible representation of multiple data categories. Frame-com-
patible representation here refers to sampling and multiplex-
ing the different data categories into a single frame. This
single frame may not have the same size as that of the frames
comprising the original categories. According to a further
embodiment of the present disclosure, the base layer (1102)
of FIG. 11 may be implemented and encoded using any
available or future video codecs, such as H.264/AVC, VP8,
and VC-1.

With continued reference to FIG. 11, before sending the
data to the base layer encoder (1104), the data is sampled
with samplers (1106) and multiplexed with a multiplexer
(1108). In a further embodiment, sampling may also com-
prise filtering. Furthermore, filtering can be asymmetric
among the different data categories. For example, in still
further embodiments, one category may be filtered and
sampled such that less than half of the information (e.g.
frequency content) is retained. And another category may be
filtered and sampled such that more than half of the infor-
mation is retained. FIGS. 1-6 show indicative sampling and
multiplexing arrangements for two categories of image data.

According to the embodiment shown in FIG. 11, an
additional enhancement layer (1152) is provided. According
to other embodiments, the number of the additional
enhancement layers depends on the number of categories of
the frame data and the data already sampled and interleaved
within the base layer. The data that is sampled and inter-
leaved in an enhancement layer is selected such that, when
combined with the data already in the base layer, the
sampled and interleaved data leads to an efficient represen-
tation and reconstruction of data of most categories. Accord-
ing to the embodiment shown in FIG. 11, which involves
two categories of data, one enhancement layer (1152) is used
to code all the original data. According to this embodiment,
the base layer (1102) could carry half the samples of each
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category and the enhancement layer (1152) could provide
the other missing half samples of each data category.

According to a further embodiment of the present disclo-
sure, the base layer compresses one third of the samples of
one category and the rest two thirds are stored in the
enhancement layer. The opposite is also possible. Similarly,
as with the base layer, the data content of each category in
an enhancement layer may not be the same as that of another
data category. This may be realized by using different type
of filtering or different number and arrangement of samples
(e.g. quincunx vs. row-based sub-sampling). According to
this embodiment, the sampling operation derives samples
for the enhancement layer processing, and the sampling
operation may include filtering of these samples.

According to the embodiment shown in FIG. 11, the
enhancement layer (1152) adopts a hybrid video coding
model that can be found in modern video codecs, such as
VC-1 and H.264/AVC. The input data are predicted either
from neighboring samples in the same picture or frame
(using intra prediction) or from samples from past decoded
frames (inter prediction) that belong to the same layer and
are buffered as motion-compensated prediction references
within a so-called reference picture buffer. Inter-layer pre-
diction is also possible if decoded information from lower
priority layers (such as the base layer) is available to the
enhancement layer. One way to have access to such infor-
mation is by considering decoded pictures from the lower
priority layer as references for motion compensation. After
prediction, the prediction residuals (1154) undergo trans-
form (1156) and quantization (1158) and the quantized
coeflicients are then coded using entropy coding (1160). The
enhancement layer (1252) of the decoder shown in FIG. 12
reverses this process.

Unlike the base layer (1102) of FIG. 11, which has a
single reference picture buffer (1110) that contains past
decoded pictures/frames, the enhancement layers (1152)
maintain multiple internal reference picture buffers (1162),
one for each data category. In the embodiment of FIG. 11,
the generation of the reference pictures that are stored in
those buffers is accomplished through the use of a de-
multiplexer and RPU processor (1164). The de-multiplexer
and RPU processor (1164) process the sum of the prediction
residual and the predicted frame (obtained through intra or
inter prediction).

The de-multiplexer (1164) of FIG. 11 performs also
up-sampling and interpolation of missing samples for each
category. Each reference picture buffer (1162) contains only
frames belonging to the same data category. The buffers
(1162) store images or frames at a higher resolution than the
resolution of the samples being input to the enhancement
layer (1102), or optionally at the enhancement-resolution. In
addition, the resolutions used to store frames in each refer-
ence picture buffer may differ from each other. One buffer
may store pictures at one resolution, while a second picture
buffer may store pictures at another resolution. Prior to
performing disparity compensation (i.e. motion compensa-
tion or intra prediction) (1168), the selected references from
each reference picture buffer (1162) are down-sampled with
samplers (1170) and multiplexed with a multiplexer (1172)
to generate a single reference picture that may now be
formatted in a frame-compatible arrangement. According to
a further embodiment, the down-sampling and multiplexing
operation into the frame-compatible format may include
more sophisticated operations such as linear or non-linear
combinations of the two references into the final frame-
compatible reference picture. According to a still further
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embodiment, the resolution of the frames in the internal
buffers may match the enhancement resolution.

According to the embodiment shown in FIG. 11, inter
prediction within the enhancement layer (1152) takes place
after sampling (1170) and multiplexing (1172) the reference
pictures provided from the internal multiple (optionally,
enhancement resolution) reference picture buffers. Inter pre-
diction thus takes place in a “frame-compatible” domain,
though not necessarily in the same domain as that of the base
layer. According to a further embodiment for stereoscopic
video, the base layer frame compatible format may comprise
the even columns from the left view and the odd columns
from the right view, while at the enhancement layer the
frame compatible format may comprise the odd columns
from the left view and the even columns from the right view.
Similar arrangements are also possible for other interleaving
arrangements such as over-under, side-by-side, etc. Proper
arrangement methods are so selected that the combination of
the samples coded in the frame-compatible base layer pic-
ture and the samples coded in the enhancement layer or
enhancement layers should yield enhancement-resolution
reconstructions of the data categories. Such a technique may
be extended to any number of layer or views, in accordance
with another embodiment of the present disclosure. In
addition, the inter prediction process comprises estimating a
set of motion parameters for each enhancement layer, which
are coded and transmitted to the decoder.

According to the embodiment shown in FIG. 11, the
enhancement layer reference picture buffers (1162) contain
pictures that are not limited to de-multiplexed and up-
sampled (1164) decoded pictures of the enhancement layer
(1152). A base-layer-to-enhancement-layer reference pro-
cessing unit (RPU)/pre-processor module (BL-to-EL. RPU)
(1166) takes as input frame-compatible decoded pictures
from the reference picture buffer (1110) of the base layer
(1102), and then de-multiplexes and up-samples the frame
data to estimate the higher representation (optionally
enhancement-resolution) frames belonging to different data
categories.

According to a further embodiment, the BL-to-EL. RPU
(1166) process may comprise filtering, upscaling, interpo-
lation of missing samples, and recovery or estimation of
frequency content. Recovery or estimation of frequency
content is used when, for example, the base layer codes low
frequencies and the enhancement layer codes high frequen-
cies. These BL-to-EL. RPU (1166) processed images are then
placed and used as additional motion-compensated predic-
tion references in the higher representation (optionally
enhancement-resolution) reference picture buffers (1162) of
the enhancement layer (1152). The BL-to-ELL RPU module
(1166) at the encoder generates information of the predic-
tion/up-sampling process and communicates this informa-
tion (“RPU bitstream™) (1174) to the identical BL-to-EL
RPU (1254) of FIG. 12, which is located at the decoder
module shown in FIG. 12. In this way, the encoder predic-
tion operation may be duplicated at the decoder. Interpola-
tion and prediction using this RPU module may comprise
techniques that are disclosed in [Reference 6].

According to a further embodiment of the present disclo-
sure, the internal buffers store frames at the enhancement
resolution, and the decoder reconstructs internally and stores
in the reference picture buffers the enhancement resolution
frames for each data category. As a result, this embodiment
does not use, for the purposes of display of the enhancement
resolution data, the processing module of FIG. 10. Instead,
in accordance with this embodiment, the enhancement reso-
Iution reconstructed frames may be extracted and displayed
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directly from the reference picture buffers of the enhance-
ment layer. According to another embodiment of the present
disclosure, the enhancement resolutions for each category
are not equal. In this embodiment, the encoder and the
decoder rescales the pictures in the buffers of the enhance-
ment layer to some common enhancement resolution.

In an additional embodiment, the frame coded in the base
layer may have the same size as that of the frames belonging
to each category. In an additional embodiment, the reference
picture buffers in the enhancement layers contain frames at
the resolution of the original frames (full resolution).

According to an embodiment of the present disclosure,
the frame-compatible domain, in which motion compensa-
tion is applied, may be identical to that of the base layer. In
a further embodiment, the base layer may be interleaved in
a side-by-side format, and the enhancement layer also codes
a frame interleaved in the same side-by-side format.

According to an embodiment of the present disclosure,
the base layer frame compatible format may comprise the
even columns from the first view and the odd columns from
the second view, while at the enhancement layer the frame
compatible format may comprise the odd columns from the
first view and the even columns from the second view.

According to an embodiment of the present disclosure,
the layers may code frames at different spatial resolutions, in
which case one could build a system with spatial scalability.
According to a further embodiment, the codec system has a
side-by-side frame-compatible base layer at 1280x720 and
an enhancement layer that can reconstruct both views at
1920x1080. In this embodiment, the BL-to-EL RPU first
de-multiplexes the frame-compatible data into separate cat-
egories and then may perform one of the following opera-
tions. In one scheme, the BL-to-EL. RPU first interpolates
the missing samples of that category and then rescales the
resulting frame (1280x720) to the intended spatial resolution
(1920x1080) before storing that resulting frame in the
corresponding reference picture buffer in the enhancement
layer. In a second scheme, the available and de-multiplexed
samples are resealed from a lower resolution to a higher
resolution, for example, from 640x720 to 960x1080. Then,
an additional interpolation operation determines the missing
columns, and optionally also filters the existing samples to
derive the full resolution frame.

According to an embodiment of the present disclosure,
the multiple reference picture buffers in the enhancement
layer may be controlled through memory management con-
trol operations (MMCO), such as those disclosed in [Ref-
erence 2]. MMCO operations control how reference pictures
are added and removed from the buffers. According to a
further embodiment, MMCO operations are transmitted for
the enhancement layer. In this embodiment, either the sets of
MMCOs for each reference picture buffer are the same, or
one set of MMCO operations is signaled. This applies to
both of the reference picture buffers. As a result, the opera-
tion of the picture buffers remains synchronized. A still
further embodiment may use similar approaches for refer-
ence picture list modification/reordering signaling, includ-
ing, but not limited to, the methods disclosed in [Reference
2].

The signaling information controls generation of the lists
of the reference pictures in the buffers. These lists are then
used in motion-compensated prediction. According to a
further embodiment, the modification information is identi-
cal for the reference picture lists of each data category. In a
still further embodiment, a single set of modification infor-
mation is transmitted and will be applied to all the lists in the
enhancement layer. According to further embodiments of the
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present disclosure, similar approaches are used in codecs
utilizing signaling that controls the content of the reference
picture buffers and signaling that controls the initialization
and modification of its reference picture lists.

According to an embodiment of the present disclosure,
the de-multiplexer and up-sampler RPU that derives the
single-category frames at enhancement resolution before
being stored into the reference picture buffers may be
implemented as a reference processing unit as disclosed in
[Reference 6].

According to another embodiment of the present disclo-
sure, the base layer may code a representation with a first
range of frequency content, while the additional enhance-
ment layers may provide a second range of frequency
content. Their output may be combined at the decoder to
provide a better representation of the original data catego-
ries.

FIG. 13 shows a multi-layer resolution-scalable 3D stereo
video encoder where the enhancement layer maintains two
reference picture buffers, each one at enhancement resolu-
tion and performs motion/disparity compensation at
enhancement resolution, in accordance with an embodiment
of the present disclosure. FIG. 14 shows a decoder corre-
sponding to the encoder shown in FIG. 13, in accordance
with the embodiment of the present disclosure.

The embodiment shown in FIGS. 13 and 14 is similar to
the embodiment shown in FIGS. 11 and 12. But, different
from the embodiment shown in FIGS. 11 and 12, the
samplers (1354) and the multiplexer (1356), according to the
embodiment shown in FIG. 13, are placed after disparity
compensation modules (1358). There are in fact as many
disparity compensation modules (1358) as there are data
categories. According to the embodiment shown in FIG. 13,
which is for stereoscopic video delivery, there are two
disparity compensation modules (1358), one for each view.
After disparity compensation is performed on each higher-
representation reference, the resulting frames are passed on
to the samplers (1354) that perform a down-sampling pro-
cess that may be preceded and/or succeeded by filtering (in
the case of two views it will retain half of the samples). The
down-sampled data from each data category are then fed to
the multiplexer (1356), which generates a frame-compatible
picture (1360). This frame-compatible picture (1360) is then
used as the prediction to which the prediction residuals
(1362) are added within the enhancement layer hybrid video
coding loop.

According to the embodiment shown in FIG. 13, the
disparity compensation module (1358) has more samples
available (higher-representation pictures) and may be able to
produce better predictors. In addition, the disparity compen-
sation module may have more spatially accurate partitions in
motion compensation. For example, when the side-by-side
format is used, a partition size of 4x4 in a frame compatible
reference picture is equivalent with a partition size of 8x4 in
the full resolution picture. Similarly a partition of 16x16 is
effectively a 32x16 partition in the full resolution picture. As
a result, the disparity compensation module (1358) would
have larger and more accurate partitions, in this embodi-
ment.

According to the embodiment shown in FIG. 13, disparity
estimation and compensation may be performed multiple
times (e.g. twice) at the enhancement layer and thus increase
system complexity. In addition, the benefits gained by the
increased spatial accuracy for motion compensation are
contingent on how the higher-representation reference pic-
tures were up-sampled from the frame-compatible picture
obtained by adding the prediction residual to the frame-
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compatible prediction picture V¢ prrp (1362) of FIG. 13.
Also, according to this embodiment, the enhancement layer
compresses twice the amount of motion vector information.
According to a further embodiment, the reference picture
buffers adopt the enhancement resolution, and the final
reconstruction of each data category is performed as part of
the generation of the references that are stored in the
reference picture buffers of the enhancement layer. Conse-
quently, this embodiment does not further process the output
of the base and enhancement layers, unlike the decoder
shown in FIG. 10.

According to a further embodiment of the present disclo-
sure, the multi-layer codec may consider spatial scalability,
similarly to our additional embodiment for the first method.
A still further embodiment, similarly to the embodiment
shown in FIGS. 11 and 12, provides the reference picture list
modification and MMCO operations signaled to the decoder.

According to a further embodiment of the present disclo-
sure, since there is sufficient correlation in motion param-
eters used in the multiple disparity/motion estimators and
compensation modules, these motion parameters are
selected to enable efficient prediction of parameters of one
module from parameters from the other. In a still further
embodiment, the motion parameters are selected to be
identical and for each enhancement layer, only one set of
parameters are sent. In another embodiment, a set of param-
eters for each module is signaled. Motion parameter predic-
tion may also use information from neighboring or collo-
cated parameters that are signaled from higher priority
disparity estimation/compensation modules.

According to a further embodiment of the present disclo-
sure, the frame coded in the base layer may have the same
size as that of the frames belonging to each category.
According to another embodiment, the reference picture
buffers in the enhancement layers contain frames at the
resolution of the original frames (full resolution). According
to still another embodiment, the de-multiplexer and up-
sampler that derives the single-category frames at enhance-
ment resolution before being stored into the reference pic-
ture buffers may be implemented as a reference processing
unit as disclosed in [Reference 6]. In still another embodi-
ment, the base layer may code a representation with a first
range of frequency content, while the additional enhance-
ment layers may provide a second range of frequency
content. Their output may be combined at the decoder to
provide a better representation of the original data catego-
ries.

FIG. 15 shows a multi-layer resolution-scalable video
encoder, where the base layer (1502) encodes a frame-
compatible version of the data and the two multiple
enhancement layers (1532, 1562) encode each of the two
enhancement resolution data categories (each view for the
case of 3D stereoscopic video delivery), in accordance with
an embodiment of the present disclosure. FIG. 16 shows a
corresponding decoder, in accordance with the embodiment
of the present disclosure.

According to the embodiment shown in FIG. 15, the
architecture for the base layer (1502) is identical to that of
the embodiments shown in FIGS. 11-14. According to the
embodiment shown in FIG. 15, the base layer (1502) may
encode a frame-compatible version of the multiple data
categories. In this embodiment, an enhancement layer
(1532, 1562) is provided for each data category. Each
enhancement layer (1532, 1562) provides an enhancement
resolution reconstruction of each data category, in accor-
dance with a further embodiment for stereoscopic video
delivery. According to this embodiment, each enhancement
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layer (1532, 1562) contains a single reference picture buffer
(1534, 1564) and uses an architecture very similar to that of
the base layer (1502). In this embodiment, the enhancement
layers (1532, 1562) receive directly the enhancement (e.g.
full) resolution frame of each category. In contrast, accord-
ing to the embodiment shown in FIGS. 11-14, the input to
the enhancement layers consists of frame-compatible repre-
sentations of all data categories.

According to the embodiment shown in FIG. 15, the
reference picture buffer (1534, 1564) of each layer (1532,
1562) stores references that may be used for motion-com-
pensated prediction (1536, 1566). These references include
past decoded frames of that same layer. According to a
further embodiment, additional references in the enhance-
ment layers (1532, 1562) may be inserted from the base
layer (1502), as done with the MVC extension of H.264. In
this embodiment, before being inserted, these references are
processed with the RPU/pre-processor (1538, 1568) to
derive processed references that correspond to the frames
stored in the target reference picture buffer. According to a
further embodiment for the stereoscopic video delivery, the
base layer frame-compatible picture is de-multiplexed into
samples belonging to different categories. The samples are
then up-sampled within the RPU/preprocessor (1538, 1568)
to enhancement (e.g. full) resolution before being stored in
the reference pictures buffers (1534, 1564) of each enhance-
ment layer (1532, 1562). According to this embodiment, the
prediction, interpolation, and up-sampling processes within
the RPU/preprocessor (1538, 1568) may adopt techniques
disclosed in [Reference 6].

According to the embodiment shown in FIG. 15, separate
RPUs (1538, 1568) may be implemented to produce each
reference that will be stored in each of the enhancement
layers’ reference picture buffers (1534, 1564). According to
another embodiment, a single module may be provided to
jointly optimize and perform de-multiplexing and up-sam-
pling of the base layer decoded frame-compatible picture
into multiple full reference pictures, one for each enhance-
ment layer.

According to another embodiment of the present disclo-
sure, additional dependencies for the enhancement layer
apart from the one to the base layer are provided. In this
embodiment, an enhancement layer may depend on parsing
and decoding another enhancement layer. With the contin-
ued reference to FIG. 15, the decoding process of enhance-
ment layer 1 (1562) may also depend on enhancement layer
0 (1532), apart from the base layer (1502). Pictures (1572)
stored in the reference picture buffer (1534) of enhancement
layer 0 (1532) for display are fed into an additional RPU/
preprocessor module (1570). The additional RPU/prepro-
cessor (1570) processes the fed references inputs (1572) to
be similar to the format of enhancement layer 1 (1562). The
processed results (1574) are then stored into the reference
picture buffer (1564) of enhancement layer 1 (1562) and are
available for motion-compensated prediction (1566).
According to a further embodiment for stereoscopic video
delivery, each enhancement layer codes one of the views,
and the RPU would process one view using motion and
spatial processing in order to produce a reference picture
that is closer to another view. According to still further
embodiments, motion processing could include higher-order
motion models such as the affine and perspective motion
model.

According to a further embodiment, the multi-layer codec
may consider spatial scalability, similarly to the embodi-
ments shown in FIGS. 11-14. In this embodiment, the
preprocessor modules (for example, 1538 and 1568 of FIG.
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15) that perform prediction of the enhancement layers from
the base layer will also comprise resealing to the target layer
resolution. The preprocessor module that predicts one
enhancement layer from a second enhancement layer (for
example, 1570 of FIG. 15) may also comprise resealing if
the enhancement layers do not have the same spatial reso-
lution.

FIG. 17 shows a multi-layer resolution-scalable 3D stereo
video encoder, where the enhancement layer encodes residu-
als and maintains two reference picture buffers, each one at
enhancement resolution and performs motion/disparity com-
pensation in some reduced resolution (frame-compatible), in
accordance with an embodiment of the present disclosure.
FIG. 18 shows a corresponding decoder, in accordance with
the embodiment of the present disclosure.

According to the embodiment shown in FIG. 17, a base
layer (1702) codes a frame-compatible signal, which can be
further improved (in terms of resolution or spatial frequency
content, among others) when decoding the one or more
enhancement layers (1752) and combining them with the
output of the base layer (1702). According to this embodi-
ment, the enhancement layer (1752) encodes a filtered,
sampled, and multiplexed residual (1754) [Reference 7] that
is a result of subtracting a prediction (1756) of the original
full resolution data category frame. This prediction (1756) is
a result of using an RPU processor (1758) that has as input
decoded pictures (1760) from the frame-compatible base
layer (1702) and outputs predictions (1756) of the original
frame categories at the original (full) resolutions. In a further
embodiment, the RPU (1758) may use techniques such as
those disclosed in [Reference 6], including filtering, inter-
polation, resealing, etc. According to the embodiment shown
in FIG. 17, the internal picture buffers (1762) of the
enhancement layer (1752) does not receive processed ref-
erences from the base layer buffer (1704) via an RPU.

At the decoder shown in FIG. 18, a similar RPU (1854)
takes as input the decoded base layer picture from the picture
buffer (1804) of the base layer (1802), processes it to the
original (full) resolution to derive full resolution frames
(1856) for each category and then adds those frames (1856)
to the frames (1858) already decoded in the enhancement
layer reference picture buffers (1860) to yield the final
reconstructed frame (1862) for each data category.

All the further embodiments according to the embodiment
shown in FIGS. 11 and 12 that do not conflict with the
differences between the embodiment shown in FIGS. 11 and
12 and the embodiment shown in FIGS. 17 and 18 apply also
to further embodiment according to the embodiment shown
in FIGS. 17 and 18. According to a further embodiment, the
resolutions of the base layer and that of the enhancement
layers and the internal reference picture buffers of the
enhancement layers may be different.

In a further embodiment according to the embodiment
shown in FIGS. 17 and 18, the enhancement layer provides
multiple disparity compensation modules, one for each
reference picture buffer of each data category, similarly to
the embodiment shown in FIGS. 13 and 14. All applicable
further embodiments according to the embodiment shown in
FIGS. 13 and 14 apply here as well.

FIG. 19 shows a multi-layer resolution-scalable video
encoder, where the base layer codes a frame-compatible
version of the data and the two enhancement layers code
residuals for each of the enhancement resolution data cat-
egories (each view for 3D stereoscopic video delivery), in
accordance with an embodiment of the present disclosure.
FIG. 20 shows a corresponding decoder, in accordance with
the embodiment of the present disclosure.
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According to the embodiment shown in FIG. 19, the
enhancement layers (1932, 1962) adopt residual coding,
similar to the embodiment shown in FIGS. 17 and 18.
According to this embodiment, each enhancement layer
(1932, 1962) corresponds to each data category and encodes
a residual (1934, 1964) [Reference 7] that is a result of
subtracting a prediction (1936, 1966) of the original full
resolution data category frame. This prediction is a result of
using an RPU processor (1938, 1968) for each enhancement
layer (1932, 1962) that has as input decoded pictures from
the frame-compatible base layer (1902) and outputs predic-
tions (1936, 1966) of the original frame categories at the
original (full) resolution of the given layer. According to a
further embodiment, the RPU (1938, 1968) may use tech-
niques such as those disclosed in [Reference 6], including
filtering, interpolation, resealing, etc. According to the
embodiment shown in FIG. 19, the internal picture buffer
(1940, 1970) of the enhancement layer (1932, 1962) does
not receive processed references from the base layer buffer
(1904) via an RPU.

At the decoder shown in FIG. 20, for each enhancement
layer (2032, 2062), a similar RPU (2034, 2064) takes as
input the decoded base layer picture from the picture buffer
(2004) of the base layer (2002), processes it to the original
(full) resolution to derive a full resolution frame (2036,
2066) for the given category and then adds this frame (2036,
2066) to the frame (2038, 2068) already decoded in the
enhancement layer reference picture buffer (2040, 2070) to
yield the final reconstructed frame (2042, 2072) for the
given data category.

All the further embodiments according to the embodiment
shown in FIGS. 15 and 16 that do not conflict with the
differences between the embodiment shown in FIGS. 15 and
16 and the embodiment shown in FIGS. 19 and 20 apply also
to further embodiment according to the embodiment shown
in FIGS. 19 and 20. According to a further embodiment, the
resolutions of the base layer and that of the enhancement
layers and the internal reference picture buffers of the
enhancement layers may be different. And, the resolutions of
each enhancement layer may differ.

The methods and systems described in the present dis-
closure may be implemented in hardware, software, firm-
ware or combination thereof. Features described as blocks,
modules or components may be implemented together (e.g.,
in a logic device such as an integrated logic device) or
separately (e.g., as separate connected logic devices). The
software portion of the methods of the present disclosure
may comprise a computer-readable medium which com-
prises instructions that, when executed, perform, at least in
part, the described methods. The computer-readable medium
may comprise, for example, a random access memory
(RAM) and/or a read-only memory (ROM). The instructions
may be executed by a processor (e.g., a digital signal
processor (DSP), an application specific integrated circuit
(ASIC), or a field programmable logic array (FPGA)).

Thus, embodiments of the present invention have been
described, which relate to one or more of the example
embodiments that are enumerated ordinally, directly below.

Accordingly, the invention may be embodied in any of the
forms described herein, including, but not limited to the
following Enumerated Example Embodiments (EEEs)
which described structure, features, and functionality of
some portions of the present invention:

EEEL. A encoding method for multi-layered frame-compat-
ible video delivery, comprising:

a) base layer processing images or video frames of
multiple data categories through a base layer, comprising:
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1) providing a base layer frame-compatible representation
of the images or video frames of the multiple data
categories; and

b) enhancement layer processing the images or video

frames of multiple data categories through one or more
enhancement layers, comprising:

i) providing a enhancement layer frame-compatible rep-
resentation of the images or video frames of the mul-
tiple data categories;

ii) maintaining at least one enhancement layer reference
picture buffer;

iii) reference processing at least one dependency on the
base layer or a different enhancement layer; and

iv) performing motion or disparity compensation,

wherein each of said one or more enhancement layer
processes all the multiple data categories.

EEE2. The encoding method according to enumerated
example embodiment 1, wherein the multiple data catego-
ries comprise multiple views for stereoscopic images or
videos.
EEE3. The encoding method according to enumerated
example embodiment 1 or 2, wherein the providing of a base
layer frame-compatible representation of the images or
video frames of the multiple data categories comprises:
base layer sampling and base layer multiplexing the
images or video frames of multiple data categories into a
single frame.
EEE4. The encoding method according to any one of
enumerated example embodiments 1-3, wherein the base
layer processing conforms to one of a plurality of existing
video codecs.
EEES. The encoding method according enumerated example
embodiment 4, wherein the plurality of existing video
codecs comprise H.264/AVC, VP8, and VC-1.
EEE6. The encoding method according to any one of
enumerated example embodiment 3-5, wherein the sampling
of the base layer processing comprises symmetric or asym-
metric filtering of the images or video frames of the multiple
data categories.
EEE7. The encoding method according to any one of
enumerated example embodiments 3-6, wherein the base
layer sampling comprises horizontal sampling, vertical sam-
pling, or quincunx sampling.
EEES8. The encoding method according to any one of
enumerated example embodiments 3-7, wherein the base
layer multiplexing uses any one frame-compatible packing
arrangement of checkerboard interleaved arrangement, col-
umn interleaved arrangement, row interleaved arrangement,
side by side arrangement, and over-under arrangement.
EEE9. The encoding method according to any one of
enumerated example embodiments 2-8, wherein the base
layer processing further comprises processing equal or
unequal amount of samples of the images or video frames of
the multiple views.
EEE10. The encoding method according to any one of
enumerated example embodiments 2-9, wherein the
enhancement layer processing adopts a hybrid video coding
model, said hybrid video coding model conforming to any
one of a plurality of existing codecs.
EEE11l. The encoding method according to enumerated
example embodiment 10, wherein the plurality of existing
codecs comprise VC-1 and H.264/AVC.
EEE12. The encoding method according to any one of
enumerated example embodiments 2-11, wherein the
enhancement layer processing further comprises:
generating at least one reference image or video frame by
predicting at least one predicted image from samples in the
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same image or frame or from samples from past decoded
frames in the same enhancement layer, and

storing the at least one reference image or video frame in
the at least one enhancement layer reference picture buffer.
EEE13. The encoding method according to enumerated
example embodiment 12, where the generation of the at least
one reference image or video frame further comprises de-
multiplexing and reference processing the sum of at least
one prediction residual image and the at least one predicted
image.
EEE14. The encoding method according to enumerated
example embodiment 13, wherein the de-multiplexing fur-
ther comprises upsampling and interpolating the sum of the
at least one prediction residual image and the at least one
predicted image.
EEE1S. The encoding method according to any one of
enumerated example embodiments 2-14, wherein one of the
at least one enhancement layer reference picture buffer
stores images or video frames at different resolutions from
the rest of the at least one enhancement layer reference
picture buffer.
EEE16. The encoding method according to any one of
enumerated example embodiments 1-15, wherein the
enhancement layer processing further comprises:

selecting at least one reference image from the at least one
enhancement layer reference picture buffer for each of the
multiple data categories;

enhancement layer sampling and enhancement layer mul-
tiplexing the selected at least one reference image into at
least one frame-compatible image; and

performing disparity compensation or inter prediction
based on the at least one frame-compatible image.
EEE17. The encoding method according to enumerated
example embodiment 16, wherein

the enhancement layer sampling of the selected at least
one reference image comprises any one of horizontal sam-
pling, vertical sampling, or quincunx sampling; and

the enhancement layer multiplexing of the selected at
least one reference image uses any one frame-compatible
packing arrangement of checkerboard interleaved arrange-
ment, column interleaved arrangement, row interleaved
arrangement, side by side arrangement, and over-under
arrangement.
EEE1S8. The encoding method according to enumerated
example embodiment 16 or 17, wherein the enhancement
layer processing further comprises:

base layer to enhancement layer (BL-to-EL) processing at
least one base layer decoded frame compatible image from
a reference buffer in the base layer; and

storing the BL-to-EL processed at least one base layer
decoded frame compatible image in the at least one enhance-
ment layer reference picture buffer.
EEE19. The encoding method according to enumerated
example embodiment 18, wherein the BL-to-EL processing
comprises reference processing, de-multiplexing and up-
sampling the at least one base layer decoded frame compat-
ible image.
EEE20. The encoding method according to enumerated
example embodiment 19, wherein the BL-to-EL processing
further comprises: filtering, upscaling, and interpolating the
at least one base layer decoded frame compatible image.
EEE21. The encoding method according to any one of
enumerated example embodiments 18-20, wherein the
enhancement layer processing further comprises providing
information regarding the BL-to-EL processing to a corre-
sponding decoder.
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EEE22. The encoding method according to any one of
enumerated example embodiments 1-21, wherein the at least
one enhancement layer reference picture buffer store images
at an identical or different enhancement resolution for each
one of the multiple data categories.
EEE23. The encoding method according to any one of
enumerated example embodiments 1-22, wherein the at least
one enhancement layer reference picture buffer store images
at same resolution as original input images.
EEE24. The encoding method according to any one of
enumerated example embodiments 1-23, wherein the base
layer multiplexing and the enhancement layer multiplexing
use the same frame-compatible packing arrangement.
EEE25. The encoding method according to any one of
18-24, wherein the base layer processing and the enhance-
ment layer processing process images at different spatial
resolutions.
EEE26. The encoding method according to enumerated
example embodiment 25, wherein the BL-to-EL processing
comprises:

de-multiplexing the at least one base layer decoded frame
compatible image;

interpolating the de-multiplexed at least one base layer
decoded frame compatible image; and

resealing the interpolated, de-multiplexed at least one
base layer decoded frame compatible image to a target
spatial resolution.
EEE27. The encoding method according to enumerated
example embodiment 25, wherein the BL-to-EL processing
comprises:

de-multiplexing the at least one base layer decoded frame
compatible image;

resealing the de-multiplexed at least one base layer
decoded frame compatible image to a different spatial reso-
lution; and

interpolating the de-multiplexed, resealed at least one
base layer decoded frame compatible image to a target
spatial resolution.
EEE28. The encoding method according to enumerated
example embodiment 27, further comprising filtering de-
multiplexed, resealed at least one base layer decoded frame
compatible image to a target spatial resolution.
EEE29. The encoding method according to any one of
enumerated example embodiments 1-28, wherein the
enhancement layer processing further comprises controlling
the at least one enhancement layer reference picture buffer
through memory management control operations
(MMCOs).
EEE30. The encoding method according to enumerated
example embodiment 29, wherein each of the at least one
enhancement layer reference picture buffer is synchronized
according to one or more sets of MMCOs.
EEE31. The encoding method according to enumerated
example embodiment 29 or 30, wherein the enhancement
layer processing further comprises providing information
regarding the MMCOs to a corresponding decoder.
EEE32. The encoding method according to any one of
enumerated example embodiments 1-31, wherein the base
layer processing encodes image contents in a first range of
frequencies and the enhancement layer processing encodes
image contents in a second range of frequencies.
EEE33. The encoding method according to any one of
enumerated example embodiments 1-15, wherein the
enhancement layer processing further comprises:

selecting at least one reference image from the at least one
enhancement layer reference picture buffer for each of the
multiple data categories;
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obtaining at least one compensated image for each of the
multiple data categories by performing disparity compensa-
tion or inter prediction based on the at least one reference
image; and

enhancement layer sampling and enhancement layer mul-

tiplexing the at least one compensated image into at least one
frame-compatible image.

EEE34. The encoding method according to enumerated
example embodiment 33, wherein the enhancement layer
processing further comprises controlling the at least one
enhancement layer reference picture buffer through memory
management control operations (MMCOs).

EEE35. The encoding method according to enumerated
example embodiment 34, wherein the enhancement layer
processing further comprises providing information regard-
ing the MMCOs to a corresponding decoder.

EEE36. The encoding method according to any one of
enumerated example embodiments 33-35, wherein the at
least one enhancement layer reference picture buffer store
images at an identical or different enhancement resolution
for each of the multiple data categories.

EEE37. The encoding method according to any one of
enumerated example embodiments 33-36, wherein the at
least one enhancement layer reference picture buffer store
images at same resolution as original input images.
EEE38. The encoding method according to any one of
enumerated example embodiments 33-37, wherein the base
layer processing encodes image contents in a first range of
frequencies and the enhancement layer processing encodes
image contents in a second range of frequencies.

EEE39. An encoding method for multi-layered frame-com-
patible video delivery, comprising:

a) base layer processing images or video frames of

multiple data categories through a base layer, comprising:

1) providing a base layer frame-compatible representation
of the images or video frames of the multiple data
categories; and

b) enhancement layer processing the images or video

frames of multiple data categories through one or more
enhancement layers, wherein each of the multiple data
categories is processed separately in a separate enhancement
layer, each of the one or more enhancement layers compris-
ing:

i) providing an enhancement layer representation of
images or videos for one of the multiple data catego-
ries;

il) maintaining a enhancement layer reference picture
buffer in each enhancement layer;

iii) reference processing at least one dependency on the
base layer or a different enhancement layer; and

iv) performing motion or disparity compensation.

EEE40. The encoding method according to enumerated
example embodiment 39, wherein the multiple data catego-
ries comprise multiple views for stereoscopic images or
videos.

EEE41. The encoding method according to enumerated
example embodiment 39 or 40, wherein the providing of a
base layer frame-compatible representation of the images or
video frames of multiple data categories comprising:

base layer sampling and base layer multiplexing the

images or video frames of multiple data categories into a
single frame.
EEE42. The encoding method according to any one of
enumerated example embodiments 39-41, wherein the base
layer processing conform to one of a plurality of existing
video codecs.
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EEE43. The encoding method according to enumerated
example embodiment 42, wherein the plurality of existing
video codecs comprise H.264/AVC, VPS8, and VC-1.
EEE44. The encoding method according to any one of
enumerated example embodiment 41-43, wherein the sam-
pling of the base layer processing comprises symmetric or
asymmetric filtering of the images or video frames of
multiple data categories.
EEE45. The encoding method according to any one of
enumerated example embodiments 41-44, wherein the base
layer sampling comprises horizontal sampling, vertical sam-
pling, or quincunx sampling.
EEE46. The encoding method according to any one of
enumerated example embodiments 41-45, wherein the base
layer multiplexing uses any one frame-compatible packing
arrangement of checkerboard interleaved arrangement, col-
umn interleaved arrangement, row interleaved arrangement,
side by side arrangement, and over-under arrangement.
EEE47. The encoding method according to any one of
enumerated example embodiments 40-46, wherein the base
layer processing further comprises processing equal or
unequal amount of samples of the images or video frames of
the multiple views.
EEE48. The encoding method according to any one of
enumerated example embodiments 40-47, wherein the
encoding layer processing adopts a hybrid video coding
model, said hybrid video coding model conforming to any
one of a plurality of existing codecs.
EEE49. The encoding method according to enumerated
example embodiment 48, wherein the plurality of existing
codecs comprise VC-1 and H.264/AVC.
EEES0. The encoding method according to any one of
enumerated example embodiments 39-49, wherein the per-
forming of motion or disparity compensation is based on at
least one image stored in the enhancement layer reference
picture buffer.
EEESI. The encoding method according to any one of
enumerated example embodiments 39-49, wherein the
enhancement layer processing further comprises:

base layer to enhancement layer (BL-to-EL) processing at
least one base layer decoded frame compatible image from
a reference buffer in the base layer; and

storing the BL-to-EL processed at least one base layer
decoded frame compatible image in the at least one enhance-
ment layer reference picture buffer.
EEES2. The encoding method according to enumerated
example embodiment 51, wherein the BL-to-EL processing
comprises reference processing, de-multiplexing and up-
sampling the at least one base layer decoded frame compat-
ible image.
EEES3. The encoding method according to enumerated
example embodiment 52, wherein the BL-to-EL processing
of'each of the one or more enhancement layers is handled by
a single processing unit that jointly performs and optimizes
the reference processing, de-multiplexing and up-sampling
of the at least one base layer decoded frame compatible
image.
EEES4. The encoding method according to any one of
enumerated example embodiments 39-53, wherein the
enhancement layer processing further comprises:

enhancement layer to enhancement layer (EL-to-EL) pro-
cessing at least one reference image stored in an enhance
layer reference picture buffer in a different enhancement
layer; and

storing the EL-to-EL processed at least one enhancement
layer reference image in the at least one enhancement layer
reference picture buffer thereof.
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EEESS. The encoding method according to any one of
enumerated example embodiments 51-54, wherein the BL-
to-EL processing further comprises resealing the BL-to-EL.
processed at least one base layer decoded frame compatible
image to a target spatial resolution.
EEES6. The encoding method according to enumerated
example embodiment 54 or 55, wherein the EL-to-EL pro-
cessing further comprises resealing the EL-to-EL processed
at least one enhancement layer reference image to a target
spatial resolution.
EEES7. The encoding method according to enumerated
example embodiment 1, wherein the providing of the
enhancement layer frame-compatible representation of the
images or video frames of the multiple data categories
comprises:
filtering, sampling and multiplexing difference images of
original full resolution images of the multiple data catego-
ries and at least one base layer to enhancement layer
(BL-to-EL) prediction.
EEESS. The encoding method according to enumerated
example embodiment 57, wherein the at least one BL-to-EL
prediction is obtained by de-multiplexing and reference
processing at least one frame-compatible decoded picture
from the base layer.
EEES9. The encoding method according to enumerated
example embodiment 58, wherein the de-multiplexing and
reference processing further comprises filtering, interpola-
tion, or resealing.
EEE60. The encoding method according to enumerated
example embodiment 57, wherein the motion or disparity
compensation is performed for each of the multiple data
categories.
EEE61. The encoding method according to enumerated
example embodiment 39, wherein the providing of the
enhancement layer representation of images or videos for
one of the multiple data categories comprises obtaining at
least one difference image of at least one original full
resolution image for the one of the multiple data categories
and at least one base layer to enhancement layer (BL-to-EL)
prediction.
EEE62. The encoding method according to enumerated
example embodiment 61, wherein the at least one BL-to-EL
prediction is obtained by de-multiplexing and reference
processing at least one frame-compatible decoded picture
from the base layer.
EEE63. The encoding method according to enumerated
example embodiment 62, wherein the de-multiplexing and
reference processing further comprises filtering, interpola-
tion, or resealing.
EEE64. A decoding method for multi-layered frame-com-
patible video delivery, comprising:
a) base layer processing a plurality of base layer bitstream
signals through a base layer, comprising:
i) providing at least one frame-compatible base layer
decode image or video frame; and
b) enhancement layer processing a plurality of enhance-
ment bitstream signals through one or more enhancement
layers, comprising:
i) providing at least one enhancement layer-decoded
image or video frame for multiple data categories;
il) maintaining at least one enhancement layer reference
picture buffer;
iii) reference processing at least one dependency on the
base layer or a different enhancement layer; and
iv) performing disparity compensation,
wherein all the multiple data categories are decoded and
processed in the same enhancement layer.
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EEEG65. The decoding method according to enumerated
example embodiment 64, wherein the multiple data catego-
ries comprise multiple views for stereoscopic images or
videos.
EEE66. The decoding method according to enumerated
example embodiment 64 or 65, wherein the base layer
processing conforms to one of a plurality of existing video
codecs.
EEE67. The decoding method according enumerated
example embodiment 66, wherein the plurality of existing
video codecs comprise H.264/AVC, VPS8, and VC-1.
EEEG6S. The decoding method according to any one of
enumerated example embodiments 64-67, wherein the
enhance layer processing adopts a hybrid video coding
model, said hybrid video coding model conforming to any
one of a plurality of existing codecs.
EEE69. The decoding method according to enumerated
example embodiment 68, wherein the plurality of existing
codecs comprise VC-1 and H.264/AVC.
EEE70. The decoding method according to any one of
enumerated example embodiments 64-69, wherein the
enhancement layer processing further comprises:

generating at least one reference image or video frame by
predicting at least one predicted image from samples in the
same image or frame or from samples from past decoded
frames in the same enhancement layer, and

storing the at least one reference image or video frame in
the at least one enhancement layer reference picture buffer.
EEE71. The decoding method according to enumerated
example embodiment 70, where the generation of the at least
one reference image or video frame further comprises de-
multiplexing and reference processing the sum of at least
one image decoded from the plurality of enhancement layer
bitstream signals and the at least one predicted image.
EEE72. The decoding method according to enumerated
example embodiment 71, wherein the de-multiplexing fur-
ther comprises upsampling and interpolating the sum of the
at least one prediction residual image and the at least one
predicted image.
EEE73. The decoding method according to any one of
enumerated example embodiments 65-72, wherein one of
the at least one enhancement layer reference picture buffer
stores images or video frames at different resolutions from
the rest of the at least one enhancement layer reference
picture buffer.
EEE74. The decoding method according to any one of
enumerated example embodiments 64-73, wherein the
enhancement layer processing further comprises:

selecting at least one reference image from the at least one
enhancement layer reference picture buffer for each of the
multiple data categories;

enhancement layer sampling and enhancement layer mul-
tiplexing the selected at least one reference image into at
least one frame-compatible image; and

performing disparity compensation or inter prediction
based on the at least one frame-compatible image.
EEE75. The decoding method according to enumerated
example embodiment 73 or 74, wherein the enhancement
layer processing further comprises:

base layer to enhancement layer (BL-to-EL) processing at
least one base layer decoded frame compatible image from
a reference buffer in the base layer; and

storing the BL-to-EL processed at least one base layer
decoded frame compatible image in the at least one enhance-
ment layer reference picture buffer.
EEE76. The decoding method according to enumerated
example embodiment 75, wherein the BL-to-EL processing
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comprises reference processing, de-multiplexing and up-
sampling the at least one base layer decoded frame compat-
ible image.
EEE77. The decoding method according to enumerated
example embodiment 76, wherein the BL-to-EL processing
further comprises: filtering, upscaling, and interpolating the
at least one base layer decoded frame compatible image.
EEE78. The decoding method according to any one of
enumerated example embodiments 75-77, wherein the
enhancement layer processing further comprises receiving
information regarding the BL-to-EL processing from a cor-
responding encoder.
EEE79. The decoding method according to any one of
enumerated example embodiments 75-78, wherein the base
layer processing and the enhancement layer processing
process images at different spatial resolutions.
EEE80. The decoding method according to enumerated
example embodiment 79, wherein the BL-to-EL processing
comprises:

de-multiplexing the at least one base layer decoded frame
compatible image;

interpolating the de-multiplexed at least one base layer
decoded frame compatible image; and

resealing the interpolated, de-multiplexed at least one
base layer decoded frame compatible image to a target
spatial resolution.
EEES81. The decoding method according to enumerated
example embodiment 79, wherein the BL-to-EL processing
comprises:

de-multiplexing the at least one base layer decoded frame
compatible image;

resealing the de-multiplexed at least one base layer
decoded frame compatible image to a different spatial reso-
lution; and

interpolating the de-multiplexed, resealed at least one
base layer decoded frame compatible image to a target
spatial resolution.
EEES82. The decoding method according to enumerated
example embodiment 81, further comprising filtering de-
multiplexed, resealed at least one base layer decoded frame
compatible image to a target spatial resolution.
EEES83. The decoding method according to any one of
enumerated example embodiments 64-82, wherein the
enhancement layer processing further comprises controlling
the at least one enhancement layer reference picture buffer
through memory management control operations
(MMCOs).
EEE84. The decoding method according to enumerated
example embodiment 83, wherein each of the at least one
enhancement layer reference picture buffer is synchronized
according to one or more sets of MMCOs.
EEES8S. The decoding method according to enumerated
example embodiment 83 or 84, wherein the enhancement
layer processing further comprises receiving information
regarding the MMCOs from a corresponding encoder.
EEE86. The decoding method according to any one of
enumerated example embodiments 64-67, wherein the
enhancement layer processing further comprises:

selecting at least one reference image from the at least one
enhancement layer reference picture buffer for each of the
multiple data categories;

obtaining at least one compensated image for each of the
multiple data categories by performing disparity compensa-
tion or inter prediction based on the at least one reference
image; and
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enhancement layer sampling and enhancement layer mul-
tiplexing the at least one compensated image into at least one
frame-compatible image.

EEES87. The decoding method according to enumerated
example embodiment 86, wherein the enhancement layer
processing further comprises controlling the at least one
enhancement layer reference picture buffer through memory
management control operations (MMCOs).

EEES88. The decoding method according to enumerated
example embodiment 87, wherein the enhancement layer
processing further comprises receiving information regard-
ing the MMCOs from a corresponding encoder.

EEES89. A decoding method for multi-layered frame-com-
patible video delivery, comprising:

a) base layer processing a plurality of base layer bitstream
signals through a base layer through a base layer, compris-
ing:

i) providing at least one frame-compatible base layer

decode image or video frame; and

b) enhancement layer processing a plurality of enhance-
ment bitstream signals through one or more enhancement
layers for multiple data categories through one or more
enhancement layers, wherein each of the multiple data
categories is processed separately in a separate enhancement
layer, each of the one or more enhancement layers compris-
ing:

i) providing at least one enhancement layer-decoded
image or video frame for one of the multiple data
categories;

ii) maintaining at least one enhancement layer reference
picture buffer;

iii) reference processing at least one dependency on the
base layer or a different enhancement layer; and

iv) performing disparity compensation, wherein all the
multiple data categories are decoded and processed in
the same enhancement layer.

EEE90. The decoding method according to enumerated
example embodiment 89, wherein the multiple data catego-
ries comprise multiple views for stereoscopic images or
videos.

EEEO91. The decoding method according to enumerated
example embodiment 89 or 90, wherein the base layer
processing conforms to one of a plurality of existing video
codecs.

EEE92. The decoding method according to enumerated
example embodiment 91, wherein the plurality of existing
video codecs comprise H.264/AVC, VPS8, and VC-1.
EEE93. The decoding method according to any one of
enumerated example embodiments 89-92, wherein the
encoding layer processing adopts a hybrid video coding
model, said hybrid video coding model conforming to any
one of a plurality of existing codecs.

EEE94. The decoding method according to enumerated
example embodiment 93, wherein the plurality of existing
codecs comprise VC-1 and H.264/AVC.

EEE9S. The decoding method according to any one of
enumerated example embodiments 89-94, wherein the per-
forming of motion or disparity compensation is based on at
least one image stored in the enhancement layer reference
picture buffer.

EEE96. The decoding method according to any one of
enumerated example embodiments 89-95, wherein the
enhancement layer processing further comprises:

base layer to enhancement layer (BL-to-EL) processing at
least one base layer decoded frame compatible image from
a reference buffer in the base layer; and
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storing the BL-to-EL processed at least one base layer
decoded frame compatible image in the at least one enhance-
ment layer reference picture buffer.
EEE97. The decoding method according to enumerated
example embodiment 96, wherein the BL-to-EL processing
comprises reference processing, de-multiplexing and up-
sampling the at least one base layer decoded frame compat-
ible image.
EEE9S. The decoding method according to enumerated
example embodiment 97, wherein the BL-to-EL processing
of each of the one or more enhancement layers is handled by
a single processing unit that jointly performs and optimizes
the reference processing, de-multiplexing and up-sampling
of the at least one base layer decoded frame compatible
image.
EEE99. The decoding method according to any one of
enumerated example embodiments 89-98, wherein the
enhancement layer processing further comprises:

enhancement layer to enhancement layer (EL-to-EL) pro-
cessing at least one reference image stored in an enhance
layer reference picture buffer in a different enhancement
layer; and

storing the EL-to-EL processed at least one enhancement
layer reference image in the at least one enhancement layer
reference picture buffer hereof.
EEE100. The decoding method according to any one of
enumerated example embodiments 89-99, wherein the BL-
to-EL processing further comprises resealing the BL-to-EL.
processed at least one base layer decoded frame compatible
image to a target spatial resolution.
EEE101. The decoding method according to enumerated
example embodiment 99 or 100, wherein the EL-to-EL
processing further comprises resealing the EL-to-EL pro-
cessed at least one enhancement layer reference image to a
target spatial resolution.
EEE102. The decoding method according to enumerated
example embodiment 89, wherein the providing of the at
least one enhancement layer-decoded image or video frame
for multiple data categories comprises:

adding reference images stored in the at least one
enhancement layer reference picture buffer to at least one
base layer to enhancement layer (BL-to-EL) prediction.
EEE103. The decoding method according to enumerated
example embodiment 102, wherein the at least one BL-to-
EL prediction is obtained by de-multiplexing and reference
processing at least one frame-compatible decoded picture
stored in a reference picture buffer of the base layer.
EEE104. The decoding method according to enumerated
example embodiment 102, wherein the disparity compensa-
tion is performed for each of the multiple data categories.
EEE105. The decoding method according to enumerated
example embodiment 89, wherein the providing of the at
least one enhancement layer decoded images or video
frames for one of the multiple data categories comprises
adding reference images stored in the at least one enhance-
ment layer reference picture buffer to at least one base layer
to enhancement layer (BL-to-EL) prediction.
106. The decoding method according to enumerated
example embodiment 105, wherein the at least one BL-to-
EL prediction is obtained by de-multiplexing and reference
processing at least one frame-compatible decoded picture
stored in a reference picture buffer of the base layer.
EEE107. The decoding method according to enumerated
example embodiment 106, wherein the de-multiplexing and
reference processing further comprises filtering, interpola-
tion, or resealing.
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EEE108. An encoder for encoding at least one image or
video frame according to the method recited in one or more
of enumerated example embodiments 1-63, and 117.
EEE109. An apparatus for encoding at least one image or
video frame according to the method recited in one or more
of enumerated example embodiments 1-63, and 117.
EEE110. A system for encoding at least one image or video
frame according to the method recited in one or more of
enumerated example embodiments 1-63, and 117.

EEE111. A decoder for decoding at least one image or video
frame according to the method recited in one or more of
enumerated example embodiments 64-107, and 118.
EEE112. An apparatus for decoding at least one image or
video frame according to the method recited in one or more
of enumerated example embodiments 64-107, and 118.
EEE113. A system for decoding at least one image or video
frame according to the method recited in one or more of
enumerated example embodiments 64-107, and 118.
EEE114. A computer-readable medium containing a set of
instructions that causes a computer to perform the method
recited in one or more of enumerated example embodiments
1-107, 117, and 118.

EEE115. Use of the method recited in one or more of
enumerated example embodiments 1-63, and 117 to encode
at least one image or video frame.

EEE116. Use of the method recited in one or more of
enumerated example embodiments 64-107, and 118 to
decode at least one image or video frame.

EEE117. The encoding method according to any one of
enumerated example embodiments 1-38, wherein the at least
one enhancement layer reference picture buffer comprise at
least two enhancement layer reference buffers.

EEE118. The decoding method according to any one of
enumerated example embodiments 64-88, wherein the at
least one enhancement layer reference picture buffer com-
prise at least two enhancement layer reference buffers.

All patents and publications mentioned in the specifica-
tion may be indicative of the levels of skill of those skilled
in the art to which the disclosure pertains. All references
cited in this disclosure are incorporated by reference to the
same extent as if each reference had been incorporated by
reference in its entirety individually.

The examples set forth above are provided to give those
of ordinary skill in the art a complete disclosure and descrip-
tion of how to make and use the embodiments of the systems
and methods for multi-layered frame-compatible video
delivery of the disclosure, and are not intended to limit the
scope of what the inventors regard as their disclosure.
Modifications of the above-described modes for carrying out
the disclosure may be used by persons of skill in the art, and
are intended to be within the scope of the following claims.
All patents and publications mentioned in the specification
may be indicative of the levels of skill of those skilled in the
art to which the disclosure pertains. All references cited in
this disclosure are incorporated by reference to the same
extent as if each reference had been incorporated by refer-
ence in its entirety individually.

It is to be understood that the disclosure is not limited to
particular methods or systems, which can, of course, vary. It
is also to be understood that the terminology used herein is
for the purpose of describing particular embodiments only,
and is not intended to be limiting. As used in this specifi-
cation and the appended claims, the singular forms “a,”
“an,” and “the” include plural referents unless the content
clearly dictates otherwise. The term “plurality” includes two
or more referents unless the content clearly dictates other-
wise. Unless defined otherwise, all technical and scientific
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terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
disclosure pertains.

A number of embodiments of the disclosure have been
described. Nevertheless, it will be understood that various
modifications may be made without departing from the spirit
and scope of the present disclosure. Accordingly, other
embodiments are within the scope of the following claims.
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What is claimed is:

1. A decoding method for multi-layered frame-compatible
video delivery, comprising:

a) base layer processing a plurality of base layer bitstream

signals through a base layer, comprising:

i) providing at least one frame-compatible base layer
decode image or video frame; and

b) enhancement layer processing a plurality of enhance-

ment bitstream signals through one or more enhance-

ment layers, comprising:

i) providing at least one enhancement layer-decoded
image or video frame for multiple views;

iii) reference processing at least one frame-compatible
base layer decode image or video frame from the
base layer or at least one decoded image or video
frame from a different enhancement layer; and

iv) performing disparity compensation,

wherein all the multiple views are decoded and processed

in the same enhancement layer.

2. The method as recited in claim 1, wherein the multiple
views comprise multiple views for stereoscopic images or
videos.

3. The method as recited in claim 1, wherein the providing
of the base layer frame-compatible representation of the
images or video frames of the multiple views comprises:

base layer sampling and base layer multiplexing the

images or video frames of multiple views into a single
frame.
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4. The method as recited in claim 3, wherein the sampling
of the base layer processing comprises symmetric or asym-
metric filtering of the images or video frames of the multiple
views.
5. The method as recited in claim 3, wherein the base layer
sampling comprises horizontal sampling, vertical sampling,
or quincunx sampling.
6. The method as recited in claim 3, wherein the base layer
multiplexing uses any one frame-compatible packing
arrangement of checkerboard interleaved arrangement, col-
umn interleaved arrangement, row interleaved arrangement,
side by side arrangement, and over-under arrangement.
7. The method as recited in claim 2, wherein the base layer
processing further comprises processing equal or unequal
amount of samples of the images or video frames of the
multiple views.
8. The method as recited in claim 1, wherein the enhance-
ment layer processing further comprises:
generating at least one reference image or video frame by
predicting at least one predicted image from samples in
the same image or frame or from samples from past
decoded frames in the same enhancement layer, and

storing the at least one reference image or video frame in
the at least one enhancement layer reference picture
buffer.

9. The method as recited in claim 8, wherein the genera-
tion of the at least one reference image or video frame
further comprises de-multiplexing and reference processing
the sum of at least one prediction residual image and the at
least one predicted image.

10. The method as recited in claim 9, wherein the de-
multiplexing further comprises upsampling and interpolat-
ing the sum of the at least one prediction residual image and
the at least one predicted image.

11. The method as recited in claim 10, wherein one of the
at least one enhancement layer reference picture buffer
stores images or video frames at different resolutions from
the rest of the at least one enhancement layer reference
picture buffer.

12. The method as recited in claim 1, wherein the
enhancement layer processing further comprises:

selecting at least one reference image from the at least one

enhancement layer reference picture buffer for each of
the multiple views;

enhancement layer sampling and enhancement layer mul-

tiplexing the selected at least one reference image into
at least one frame-compatible image; and

performing disparity compensation or inter prediction

based on the at least one frame-compatible image.

13. The method as recited in claim 1, wherein the
enhancement layer processing further comprises:

base layer to enhancement layer (BL-to-EL) processing at

least one base layer decoded frame compatible image
from a reference buffer in the base layer; and

storing the BL-to-EL processed at least one base layer

decoded frame compatible image in the at least one
enhancement layer reference picture buffer.

14. The method as recited in claim 13, wherein the
BL-to-EL processing comprises one or more of:

reference processing, de-multiplexing and up-sampling

the at least one base layer decoded frame compatible
image; or

filtering, upscaling, and interpolating the at least one base

layer decoded frame compatible image.
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